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ADMINISTRATIVE REPORT 



University, N. D., Dec. 1, 1908. 
To the President of the Board of Trustees of the University of- 
North Dakota. 

Sir : I beg to submit herewith my report on the work of the 
North Dakota Geological Survey during the years 1907 and 1908. 

The publication of the Fourth Biennial Report of the Survey on 
the clays of the state was delayed somewhat on account of the 
large number of analyses and tests made on the clays. It was 
thought that the value of the results obtained would more than com- 
pensate for the delay that was necessary in order that they might be 
incorporated in the report. The volume is the largest yet gotten out 
by the Survey, containing 340 pages and a large number of illus- 
trations and maps. Among the latter is a colored geological map 
of North Dakota, showing the distribution of the different rock 
formations and giving the location of the brick plants. On another 
map are located the high grade fire and pottery clays of the west- 
ern part of the state, showing the outcrops and probable extent 
of the deposits. There has been a w^idespread demand for this re- 
port both from the clay men and others w^ithin the state, and also 
from geologists and other peo})le in all parts of the country. Infor- 
mation regarding the valuable clay resources of North Dakota has 
thus been widely circulated and cannot fail to l:e of benefit to the 
state. 

It is the wish of the Survev that its reports be cniploved as wide- 
ly as possible in the schools in the teaching of Physical Geograpliy 
and Elementarv Geoloorv. Thcv are already conMiic:: into use v.\ a 
number of the high schools where they are found heli-sful. especi'illv 
in the study of local geography and geology. The many illustra- 
tions show the topographic features anrl rock formptions. and the 
reports describe the natural resources of the region. During tin* 
past year many hundreds of the reports of the survey were distrib- 
uted to the larger schools through the co-operation of the County 
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Superintendents. On his request the volumes were sent to the 
Superintendent and placed by him in those schools in which they 
would be of greatest service. 

During the summer of 1907, the State Geologist had charge of 
a United States Geological Survey party of five, having associated 
with him Mr. Carl D. Smith of the Federal Survey. Detailed work 
was carried on in the region between Medora and Wibaux, Mon- 
tana, the area which was covered by the survey being 24 miles wide 
and lying on either side of the Northern Pacific Railroad. Import- 
ant discoveries were made regarding the number, extent and dis- 
tribution of the coal beds, and much information gathered for a 
report on the region covered. This report is now being published 
in a bulletin of the United States Geological Survey, and the ma- 
terial which was secured will also be available for, and is being 
incorporated in, the forthcoming Fifth Biennial Report of the State 
Survey. 

While we were camped near Medora, we were fortunate in having 
with us for over a week. Dr. A. C. Peale of the Smithsonian In- 
stitution, and Dr. F. H. Knowlton of the United States Geological 
Survey, who were spending the summer collecting fossils at many 
localities in North Dakota and other western states. These fossils 
which were collected will make it possible to determine the age of 
certain formations in the western part of the state, about which 
there has been some doubt. 

Early in August a second party in the employ of the North Da- 
kota Geological Survey, and consisting of the State Geologist and 
two students of the State University, J. W. Bliss and W. J. Smith, 
was organized for the purpose of extending the field work beyond 
the limits of the area covered by the Federal party. The latter party 
worked west into Montana, and in accordance with an agreement pre- 
viously made with the United States Geological Survey, I was grant- 
ed permission to turn the work over to another in order that tiie in- 
vestigations might be continued within North Dakota, and addition- 
al material thus gathered for the State Survey Report. The party 
went south from Medora, following the Little Missouri river as 
far as the southern boundarv of Billings county. The coal beds 
which outcrop in the bluffs bordering the valley and in the badlands 
on either side, were carefully traced, their thickness and extent 
noted, and their outcrops located on the map. On Little Beaver 
creek, in northwestern Bowman county a large collection of fos- 
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sil shells was made from the Pierre shale, and these were shipped 
to the University to add to its geological collections. Several weeks 
previous to this a choice lot of fossil leaves from near Mcdora had 
been sent in, along with some very finely preserved fossil fish from 
the top of Sentinel Butte. 

From Little Beaver creek the party traveled northeast to Sand 
Creek Post Office and White Butte, where the interesting Oligo- 
cene formation found in that vicinity was studied and mapped. It 
was in these beds at the White Butte that the extinct three-toed 
horse and rhinoceros were discovered several years ago. 

Some work was also done during the summer of 1907 in the 
northeastern part of the state by Mr. V. J. Mclsted, who spent s\^ 
weeks in a detailed study of the cement rock of the Pembina Moun- 
tain region. Careful search in the deep ravines and valleys of 
these mountains, often in the thick and tangled underbrush of that 
district, resulted in the discovery of many outcrops of the cement 
beds, which were located on the map. Samples from several locali- 
ties were collected for analysis and considerable information gath- 
ered for a report on the cement materials of North Dakota. During 
the summer the State Geologist made a trip to the Pembina Moun- 
tains where several days were spent in going over some of the 
ground in company with Mr. Melsted. 

During the field season of 1908 the North Dakota Geological 
Survey carried on work in the eastern and western portions of the 
state. In the western region the detailed investigations of the coal 
beds were continued and extended so far to cover those portions of 
Billings county not already visited or which had not yet been com- 
pleted. The party, which consisted of the State Geologist, E. H. 
Wells and H. A. Hanson, traveled northwest from Dickinson, 
striking the Little Missouri river at the Short Ranch near the 
mouth of Ash creek, about 25 miles north of Medora. From thiij 
point the river was followed down to the mouth of Beaver creek, 
at the northern boundary of Billings county ; then Beaver creek 
was followed up as far as the Montana line. 

A large number of coal beds were found outcropping along the 
deep valley of the latter stream, and there was much evidence 
to show that this area is rich in coal. The party now went south 
through Sentinel Butte to Yule, spending several days in the vi- 
cinity of Bullion Butte on the way, and then on to the mouth of 
Bacon creek, near the town of Marmarth. After completing the 
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work in the southern part of the county we spent a week in the 
l^adlands lying east of the Little Missouri between the mouth of 
Sand creek and the Northern Pacific Railroad, and another week 
in the northeastern corner of Billings county. 

The material gathered during the past summer, together with that 
previously secured dufing several years of field work in the south- 
western comer of the state, will be used in the preparation of a 
detailed report on the geoIog>- and coal deposits of that section 
of North Dakota. This region was selected for detailed study be- 
cause of the excellent opportunity afforded in the Little Missouri 
badlands for the examination of the coal beds, where these are so 
well exposed in numerous outcrops. 

A very brief statement of some of the more important results of 
the field work during the season of 1908 may be given here. It 
was found that no less than 21 workable coal beds occur in 
killings county alone, not all of them occurring at any one point, 
but some being found in one locality and some in another. These 
21 coal beds range from four to thirty-five feet in thickness and 
are distributed through from 1,000 to 1,200 feet of strata. The 
aggregate thickness of the coal in these seams is 15712 feet. Some 
of the individual coal beds cover large areas. One, with a thick- 
ness varying from 5 to IG feet, has a known extent of 20 miles in 
one direction and 2-5 miles in another, with an area of at least 500 
square miles, and probably much greater. Another seam of coal 

was traced 3G miles north and south, and 24 miles east and west, 
and while its known area as shown from outcrops is nearly 900 

snuare miles, it undoubtedly has an extent of 1,000 to 1,500 square 

miles. This coal Sed, with a thickness ranging from 9 to 15 feet 

and over, has been largely burned out or removed by erosion, but it 

still underlies a number of townships. At least half a dozen coal 

beds were discovered which were not before known to occur. 

The lowest coal seams in the geological column, and therefore the 

oldest, are those found in the vicinity of Yule, in southern Billings 

county. The highest and youngest are those which appear in 

Sentinel Butte and in the northern part of the county. 

The discovery of the large fossil bones of the enormous land 
reptiles known as the dinosaurs was another important result of 
the summer's field work. These wxre found in the badlands, a 
few miles from the town of Marmarth, and several large boxes of 
them were shipped to the University to add to its collection. Many 
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of these huge bones were buried in the clays of the region, and 
some had been washed out and were lying on the surface. This 
discovery is of increased interest owing to the fact that these fos- 
sil bones will make it possible to determine the geological age of the 
strata in which the fossils occur, the age of the formation having 
been in doubt up to the present time. 

The work in the eastern part of the state was in charge of the 
Assistant State Geologist, Mr. John C. Barry, a graduate of the 
Massachusetts Institute of Technology. It consisted in the mapping 
of the geological formations of Pembina, Cavalier and adjoining 
portions of Walsh and Ramsey counties, and the investigation 
of their natural resources. It was found that the northeastern part 
of North Dakota can be divided, on the basis of its topographic 
features, into three distinct districts, namely: the Red River Val- 
ley ; the deeply dissected Pembina Mountains bordering the valley on 
the west, and the high rolling prairie which forms the greater 
part of Cavalier county. 

The natural resources of the region consist of clay shales suitable 
for making excellent brick, cement rock, sand and gravel. The 
more extensive deposits of gravel and sand were located on the 
map wherever they were exposed at the surface, and in this way 
the localities where these occur were recorded. Much additional 
material regarding the cement rock was gathered, and together 
with that secured the year previous by Mr. V. J. Melsted, will be 
used as the basis for a report on the cement resources of North 
Dakota. ' 

Early in September Mr. Barry made a trip to the gas field of 
Bottineau county for the purpose of investigating the gas wells of 
that region. Information was secured in regard to the depth, pres- 
sure, number and location of wells and other features of the dis- 
trict. The productive area at present appears to be confined largelv 
to the vicinity of the Parker Farm, OVj miles south of Wcsthope. 
The depth below the surface of the gas-bearing sand varies from 
160 to 240 feet and it doubtless lies near the base of the glacial 
drift. This sand layer has a thickness of about 20 feet. Pros- 
pecting is now going on with the hope of striking deep->eated and 
more extensive reservoirs of gas, and one well is down about 1,200 
feet. The pressure is reported to be sufficient to blow off at least 
two million cubic feet per day. Experience in other states show that 
these comparatively shallow drift wells have not yielded a very 
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lasting supply, the reservoirs being of no very great extent. But 
further prospecting at greater depths is warranted by the possibil- 
ity that deeper reservoirs may exist in the region. Gas is also re- 
ported about six miles northwest of Mohall, where several wells 
have been sunk. 

In May of this year, I attended a conference of State Geologists, 
which convened in Washington, D. C. The gathering was held at 
the invitation of the Director of the United States Geological Sur- 
vey, for the purpose of arranging plans of co-operation between 
the Federal and State Surveys, and to plan the season's work so 
that there should be as little duplication as possible. The North 
Dakota Geological Sun-ey has been co-operating with the United 
States Geological Sur\-ey for several years and arrangements were 
made to continue this along several lines, as in the gathering of 
statistics of the production of coal, clay products, etc., and in 
the collection of well records, the Federal Survey bearing all the 
expense of this work. The conference afforded an opportunity 
for meeting and discussing with the government geologists various 
problems encountered in connection with the geolog>* of this region, 
and was of distinct benefit to the work of the State Geological 
Survev. 

In its work during the next few years the Geological Survey- 
plans to continue the detailed investigations of the coal, clay and 

cement deposits of the state. These resources are increasing in 
value and importance with the rapid growth in population, and 

their proper development will be hastened and assisted by the in- 
formation supplied by the State Geological Survey in its reports. 
In this connection it is interesting to know that a recent estimate 
by one of the coal experts of the Federal Survey credits North 
Dakota with having more coal than any other state in the Union, 
and few people realize what this mineral wealth means to the state. 

Another important line of investigation which the Geological 
Survey has taken up and will devote much attention to during the 
next few years is the problem of underground water. Well records 
from all over the state are being collected through the co-operation 
of well drillers and others, and these will furnish the data from 
which it will be possible. to tell approximately at what depth artesian 
and other waters may be struck in any part of the region. 

The subject of building stone is one which will receive attention 
and while stone suitable for building purposes is scarce in this 
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state, those localities where it does ocxrur will be examined for the 
ourpose of determining the extent and quality of the rock. 

As in the past years, certain areas such as a county or several 
counties, will be selected for detailed study, the geology- and econo- 
mic resources will be investigated, the rock formations mapped, 
and the materials thus secured will be used in the preparation of 
reports on those districts. 

A subject of the greatest practical importance to the people of the 
state is that of good roads and one of the problems connected with 
this is where to find the materials for the construction of such 
roads. It is known that in various localities over our state there 
are extensive deposits of gravel and sand which are suitable for 
road metal As soon as the funds are available the State Geolog- 
ical Survey will undertake the investigation of these road mater- 
ials, including the location and mapping of such deposits, but it 
cannot be done on the present small appropriation received for the 
work of the Survey. 

It is also exceedingly desirable that the topographic mapping by 
the United States Geological Survey should be continued and 
pushed in this state in order that the excellent relief maps of the 
Federal Survey may include other areas in North Dakota. Many 
of the states, appreciating the great value of these maps, are ap- 
propriating large sums for this work and are thus co-operating 
with the United States Geological Survey. The latter organization 
does all the work of preparing the maps and publishes them ; all 
that is asked of the state being that it shall bear half of the ex- 
pense of the field work only. So far as it is able, the Federal Sur- 
vey will put in a dollar for every dollar appropriated by the » state. 
For two years the United States Geological Survey has done no 
topographic mapping in North Dakota, and if any more work of 
this kind is undertaken in this region the appropriation of the State 
Geological Survey will need to be largely increased, so that several 
thousand dollars can be set aside for this purpose. Whether the 
State Survey can undertake in the near future more than one or two 
of the lines of investigation outlined above will also depend on 
whether the present small appropriation is substantially increased. 

The North Dakota Geological Survev is acquiring by exchange 
for its publications an excellent geological library made up of the 
reports of the Federal and various State Surveys, as well as the 
reports of a number of similar organization^ in foreign countric . 
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The forthcoming Fifth Biennial Report of this Sur\*ey will con- 
tain the following papers: 

"Mineral Production of North Dakota for 1907." 
"Natural Gas in North Dakota.*' 

**The Geolog>' of Southwestern North Dakota With Special Ref- 
erence to the Coal." 

**The Geolog)' of Northeastern North Dakota With Special Ref- 
erence to the Cement Rock." 

The report will also contain* a chapter treating in a popular way 
the geolog>' of North Dakota, intended particularly for the use of 
the schools. 

Respectfully submitted. 

A. G. Leonard. 
State Geologist. 
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INTRODUCTION 

The area treated of in this rejXDrt occupies the extreme south- 
western portion of North Dakota and includes the counties of Bil- 
lings and Bowman. It is therefore bordered on the south by South 
Dakota, on the west bv Montana, on the north bv McKenzie covm- 
ty, while on its eastern border lie Dunn, Stark, Hettinger and Ad- 
ams counties. The district has a len^^th from north to south of 9G 
miles and a width varying from 38J/2 to 53J/^ miles, with a total area 
of about 4,5G7 square miles. Billings county alone comprises 3,400 
square miles, being almost three times as large as Rhode Island, 
and Bowman county has an area of 1,167 square miles. 

The region under discussion affords an exceptionally fine oppor- 
tunity for the study of the coal bods, since there are abundant out- 
crops along the Little Missouri and its numerous tributaries, par- 
ticularly in Billings county. The river traverses the area from 
south to north and has cut a deep valley along the sides of which the 
rock formations arc excellently shown. Then, again, in no other 
portion of the state is there such a variety of geological forma- 
tions and for this reason the district is of unusual interest. The 
famous and picturesque badlands of the Little Missouri, which do 
not extend far south of Billings county, occupy nearly one-third 
of the area, or some 1,^00 square miles. 

Until within the last few years the region has been given almost 
wholly to stock raising and has afforded a splendid range for vast 
numbers of cattle and horses, but recently the farmer has taken pos- 
session of much of the prairie land and is gradually crowding out 
and displacing the ranchman. 

Geological investigations of a general character have been car- 
ried on in this region by a number of geologists. Among the first 
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to visit it was Charles A. White, who as early as the summer of 
1882 examined the beds on top of Sentinel Butte and discovered 
in them two species of fossil fishes.* During September, 1883, 
Professor E. D. Cope spent some time collecting vertebrate fossils 
in what was probably southeastern Billings county, and he refers 
to the discovery of White River strata in that area.^ In the sum- 
mer of 1902, F. A. Wilder spent three weeks in the same county 
studying the coal beds,^ and the following season L. H. Wood 
went down the Little Missouri in a boat from Medora and con- 
tinued the investigation of the coal deposits along that stream.* 
In 1905 Earl Douglass of the Carnegie Museum at Pittsburg visited 
White Butte in southeastern Billings county and collected there 
many fossil mammals.'' The writer began work in the region in 
1904, spending several weeks there during that year. In 1905 he 
had charge of a United State Geological Survey party which spent 
some time in southern Billings and Bowman counties, but not until 
1907 were detailed investigations undertaken. In that year a United 
State Geological Survey party under the joint direction of A. G. 
Leonard and Carl D.. Smith began work at Medora and carried it 
westward into Montana, covering an area 24 miles wide extending 
north and south of the Northern Pacific railroad. In the field work 
they were assisted by Fred H. Kay and W. H. Clark. The detailed 
study of the beds resulted in the collection of new data regarding the 
region which is briefly set forth in a recent bulletin of the United 
State Geological Survey." Again in 1908 the writer with a party 
spent several months in the field, extending the investigations to 
those portions of the area* in which the work was not completed. 

PHYSIOGRAPHY • 

DRAINAGE. 

The drainage of the southwestern corner of the state is well devel- 
oped and there is scarcely a township which is not traversed by sev- 
eral streams whose branches reach out to all parts of the surface. 
There are in this area nearlv fortv streams which have a ercatcr 
length than ten or fifteen miles and the majority of them arc much 



'Amor. Tour. Sci., Third Scries, Vol. XX\', pp 4 11 -4 in. 
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^Second Biennial Rep. N. D. Gcol. Surv. . pp. 0:?-T4. 

*Third Biennial Rep. N. D. Geol. Siirv.. ])p. 41-12.'». 

f'.Xnhals of the Carnegie Museum, Vol. I\'. Xos. Ill and IV, lons. pp. !30.'>-2ri. 
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longer than this. The Little Missouri river drains nearly two- 
thirds of the district and entering it near the extreme southwestern 
corner flow-s north across its entire length. Beaver creek, a tribu- 
tary of the Little Missouri, and which joins fhe latter stream cloje 
to the northern boundary, includes in its drainage basin ten of the 
northwestern townships, w'hile there is one township in the extreme 
northwest corner which drains into the Yellowstone river. 

The rivers which flow east into the Missouri, the Knife, the 
Heart, the Cannon Ball and the North Fork of the Grand all have 
their sources in Billings and Bowman counties and drain a strip of 
territory along the eastern border. 

' The Little Missouri river, after traversing the southern half of thv.* 
district, changes its direction and flows nearly due east for twelve 
miles ; then again making an abrupt turn it flows northwest past 
Bullion Butte and continues in a northerly direction. South of 
Bullion Butte and near the point w'here the river changes its course 
from east to northwest, two large streams enter it from the south, 
namely, Deep and Sand creeks. The former has its source thirty 
miles distant in Bowman countv, and the latter in White or Chalk 
Butte, and they empty into the Little Missouri less than a mile 
apart, their combined drainage basins comprising about 400 square 
miles. 

Naming them in order from south to north, the following impor- 
tant creeks enter the river from the east, above the mouth of Deep 
creek : Coyote, Bacon, Indian, Cash and Spring creeks. From the 
west the tributaries are Big Box Elder, Little Beaver, Cannon Ball, 
Horse, Bull Run and WilHams creeks. 

Between the mouth of Sand creek and Medora, the large creeks 
entering the Little ^lissouri on the east are Third, Bear, Dance, 
Davis and Sully, while on the west they are Bullion, Garner and 
Andrews creeks, the last three named being the most important and 
varying in length from 20 to 25 miles. Andrews creek is followed 
bv the Northern Pacific railroad between Medora and Sentinel P)Utte. 

Between the railroad and the northern limits of the area the 
major tributaries from the east are Paddock, Government, Franks, 
Ash, Blacktail, Whitetail and ]\Iagpic creeks ; from the west tliey 
are Knutson, Wannigan and Roosevelt creeks. 

Bv means of these manv large tributaries and numerous smalhT 
ones the Little Missouri drains nearlv two-thirds of the district. 
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The North Fork of the Grand river flows for thirty miles near 
the southern border of Bowman county and with its three tributaries. 
Spring, Lightning and BuflFalo creeks, drains over fifteen townships. 

The North Fork and South Fork of the Cannon Ball river, which 
flows east into the Missouri, have a drainage area of over 440 square 
miles, their source being in the White or Chalk Butte, in south- 
eastern Billings county. The headwaters of the Heart river also lie 
within the district under discussion, although they only drain a nar- 
row strip of country along the eastern border. Farther north some- 
thing over four townships drain into the Green river, a branch of 
the Heart, while in the extreme northeast corner the Knife river 
takes its rise. 

The northwestern part of the area is crossed by Beaver creek, 
which enters from Montana and joins the Little Missouri close to 
the northern boundary. Elk creek is its chief tributary and together 
these two streams have a drainage basin within the district of about 
nine townships. The extreme northwestern corner, including some 
forty square miles, drains northwest into the Yellowstone river. 

By far the greater number of streams in the area are intermittent 
and are dry during a considerable portion of the year, or their chan- 
nels are occupied only by scattered pools of water. During and for 
several days following a rain the valleys are occupied by large creeks 
or, in case of a hard storm, by raging torrents. Then after the 
water has drained away the streams cease to flow and dry up wholly 
or in large part. Some of the larger creeks continue to flow through- 
out the year, as Beaver, Little Beaver, Sand and Deep creeks, while 
a few of the smaller, which are fed by good sized springs, as Ash 
creek, likewise have a constant flow. 

The divide separating the drainage of the Missouri from that of 
the Little Missouri lies only 10 to 15 miles from the latter stream, 
but is from 100 to 120 miles west of Missouri river. It has an 
abrupt slope on the west and a gradual slope on the east. This is 
well shown at the head of Sully creek, eight or nine miles east of 
Medora, where a line of bluffs 200 feet high forms the western slope 
and on the opposite side the surface has a gentle inclination toward 
the east. The diflference in the character of the country on the op- 
posite sides of the divide is even more strikingly shown at the head- 
waters of Green river and Ash creek. The former stream has a 
broad, shallow valley, with a relatively slight fall ; the surface is 
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rolling and occupied by farms. Ash creek, on the other hand, has 
a very narrow and steep-sided valley at its source, with deep and 
vertical-walled gullies in the bottom of it. The descent from the 
top of the divide is over 250 feet in a little over one mile and the 
creek has a steep gradient all the way to the river. 

The streams on the west side of the divide, with their rapid fall 
and swift current, are eroding faster than those on the opposite 
slope and as a result the divide is being slowly shifted toward the 
east and away from the Little Missouri. The tributaries of the 
latter river arc lengthening and reaching out into new territory, and 
are slowly encroaching on the headwaters of the Green river. The 
divide will continue to migrate eastward until the opposite slopes 
are more nearly equal and the rate of erosion is the same on both. 

TOPOGRAPHY. 

Four topographic types are represented in this region, namely, 
uplands, lowlands along the stream valleys, badlands, and river ter- 
races. The upland areas comprise something more than one-half of 
the region and their surface is a more or less rolling plain. This is 
most extensive in the southern half of the district, although in the 
northern townships it occupies large tracts. 

This upland plain or plateau is the result of long-continued erosion 
and doubtless represents a peneplain which has been produced since 
Oligocene time. Its elevation varies from 2,700 to nearly 3,200 feet 
above sea level. In this plain the streams and their countless tribu- 
taries have cut their channels and the region is very thoroughly 
drained. Everywhere the surface is made up of slopes leading to 
some drainage course. As one rides day after day over this treeless 
prairie, which stretches away in all directions as far as the eye can 
reach, its vastness and boundless extent make a lasting impression 
on the mind. 

A conspicuous feature of this region is the high buttes which 
rise from 400 to G50 feet above the j)lain and form prominent land- 
marks which may be seen from afar. In Billings county there are 
at least eight buttes which are worthy of mention by reason of their 
size, namely, Sentinel, Camels Tlumi), Square or Flat Top, lUillion, 
Black, Chalk or White, Fast Rainy and West Rainy. With the ex- 
ception of Camels Hump and White buttes, these are all flat toi)ped 
and capped by a massive sandstone layer, w-hich has given them their 
level summits. Thev are formed of nearlv horizontal beds of sand 
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and clay which were once continuous over the entire region but 
have now been largely removed by erosion, leaving these remnants 
to show the former extent and thickness of the strata. The buttes 
are favorably located with reference to drainage and while the 
streams and rains have washed away hundreds of feet of material 
from this entire district, these outliers have been left, although they 
are themselves slowly wasting away under the ceaseless action of 
running water. The thickness of the beds thus removed from ex- 
tensive areas in this part of the state can not have been much less 
than 1,000 feet, and it may have been more. 

Sentinel Butte, which so far as known is the highest point in the 
state, has an elevation of 3,300 feet above sea level and rises 650 
feet above the station of the same name, located on the plain below. 
On top of the butte are the remnants of a still higher formation 
which has been almost wholly removed, but which Avas doubtless sev- 
eral hundred feet thick. A number of the tributaries of the Little 
T^issouri have their source close to the base of Sentinel Butte, and 
the latter is located on the divide between Beaver creek and the 
Little Missouri. 

About five miles north of Sentinel Butte is Camels Hump, and 
Flat Top or Square Butte lies about the same distance to the east. 
Unlike most of the high buttes of the region Camels Hump has a 
rounded summit. 

Bullion Butte, which is located within the great bend made by 
the Little Missouri, about fifteen miles south of Medora, is the larg- 
est butte in the region. It has an elevation of 950 feet above the 
river and from its summit all of the high buttes of the area can be 
clearly seen, together with others which are more distant. East 
Rainy and West Rainey Buttes are in the southeastern corner of 
Billings county, only a few miles from the border. Black Butte 
lies eight miles north of the southern boundary of the county and 
in it several tributaries of Sand and Deep creeks have their source. 
White Butte, so named from the chalky whiteness of the calcareous 
sands and clays forming it, is located five miles east of Black. It 
does not have the flat top common to all the other high buttes ex- 
cept Camels Hump, and it is not capped with the massive sandstone 
found on them. 

These ledges of sandstone capping the high buttes and varying in 
thickness from fifty to a hundred feet, form vertical cliflfs just be- 
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low their summits, and below these are the more gradual slopes pro- 
duced by the weathering of the sandstone and shales. At the base 
of the sandstone cliffs are huge masses of rock which have broken 
off from the ledges above and accumulated in great talus piles. In 
northern Bowman county are the Twin Buttes, which form con- 
spicuous landmarks visible from a great distance in every direction. 

In addition to the larger buttes mentioned above there are great 
numbers of low buttes which are commonly capped with red burnt 
clay formed by the burning of lignite beds. This burnt clay or 
clinker has determined the height of these smaller buttes and pro- 
tected them from erosion. They are well shown in the vicinity of 
Sentinel Butte, where they rise from 150 to 175 feet above the sur- 
rounding surface. Their uniform height is the result of the burn- 
ing of the twenty-one- foot coal bed which is present in Sentinel 
Butte and the formation of the thick layer of clinker which occurs 
on the top of each. 

The most prominent topographic feature of the entire region 
is the valley of the Little Missouri river, which, as already stated, 
traverses the entire area from south to north. The character of the 
valley varies so widely in different parts of its course that a descrip- 
tion of one portion would not apply to another, and it will be neces- 
sary therefore to discuss separately the valley as it appears in Bow- 
man and Billings counties. In the former county the bluffs rise 
only about eighty feet above the river. At this elevation there are 
broad flats which stretch away from the river and merge gradually 
into the upland plain. This plain back several miles from the stream 
reaches an elevation of 200 to 250 feet above the Little Missouri. 
Throughout its course in Bowman county the sides of the valley are 
covered with vegetation for the most part and the only outcrops 
are at points where the river swings against the bluff. 

The valley as it appears in Billings county presents a strong con- 
trast to the foregoing. The river has here cut its gorge to a depth 
below the upland plain of from 420 to 440 feet and with a width 
at the bottom of from one-half to one mile. The vallev consists of 
an inner narrow portion and an outer wide portion. The inner 
valley is bordered by bluffs which rise very abruptly from the river 
to a height, in the vicinity of Medora, of 240 feet. At this elevation 
broad flats or terraces occur on either side of the Little Missouri. 
They have a width of from one to two or three miles and overlook- 
ing them are bluffs rising quite abruptly 160 to 200 feet above the 
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flats, or about 420 feet above the river. These wide flats were prob- 
ably formed when the land w^as considerably lower than at present 
and the river, having reached base level, meandered back and 
forth over a flood plain several miles in width. The surface was 
then elevated, the river gained new erosive power and has since cut 
its inner gorge to a depth of some 240 feet below the old valley bot- 
tom, represented by the flats. 

These wide flats are especially well developed at the following 
points along the Little Missouri, beginning at the south and going 
down the river. On the west side of the valley for several miles 

w' 

below Little Beaver creek, where the flat has an elevation of 110 
feet above the river ; in the vicinity of Yule, particularly on the west 
side of the valley and below the mouth of Williams creek, the eleva- 
tion being 200 feet ; within the large loop made by the river w- here 
it swings around to the east, just above the mouth of Spring cr^eek, 
and on the north side of the valley throughout its eastward course, 
the elevation here being 210 feet; cast of Bullion Butte, between 
it and the river, where the flat covers six to eight square miles and 
lies 2;{0 feet above the river (Plate IV., Fig. 1) ; just north of here 
on the cast side of the river, between Bear and Dance creeks, the 
flat having an elevation of 2.'Kj feet; just below Medora, and five 
miles below that town, between Knutson and Wannigan creeks, 
where the flats have an elevation of 240 feet : on the east side of 
the valley about two miles bclow^ mouth of Roosevelt creek, and sev- 
eral miles below this locality, across the river from Mikkelson Post 
Office, the high flats in this portion of the Little Missouri having an 
elevation of 280 feet alx)ve the river. (Plate TIL, Fig. 1.) 

In some places there is not one, but two, three or even more of 
these high terraces, though generally there is one which is much 
more extensive and better developed than those above or below, and 
it is the elevation of this main flat that is given in the preceding para- 
graph, in case there w^as more than one at any given point. 

The trench-like inner valley, which has been cut below the level 
of these broad terraces, has a nearly level bottom from which rise 
the almost vertical blufl"s. These bare bluffs, witli their horizontal 
banding j^nnluced by the alternating beds of variously colored sand- 
stones and shales, rise with great abruptness from the flood plain 
of the river to a height of 200 to :)00 feet and over. They do not 
merge gradually into the upper ])lain, but the same steep slopes con- 
tinue clear to the top of the bluffs, so that they make a sharp angle 
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with the upland surface. These nearly vertical walls line either side 
of the valley almost continuously except where they are broken by 
a tributary valley entering the main one. 

Low terraces also border the river throughout its course, the up- 
per one having an elevation of about twenty feet alx)ve the average 
stage of the water in the Little Missouri. In many places along the 
stream these terraces form extensive low flats which were once the 
flood plain of the Little ^lissouri, but are now high enough to escape 
overflow except in unusually high water. Among the largest of 
these lower flats are those occurring on either side of the river near 
the mouth of Blacktail and Whitctail creeks, the area occupied by 
these being not far from 1,200 acres. Other good sized flats are 
found at manv points along the course of the valle\'. (Plate. IIL, 
Fig. 2.) 

A verv marked characteristic of the Little ^lissouri river is its 

w 

meanders. It curves and winds back and forth across its vallev, 
forming numerous great loops and causing its course through the 
county to be much longer than it would otherwise be. Measuring 
all the bends the length of the river in Billings and Bowman counties 
is approximately 175 miles, while if its channel were straight it 
would not be over 125 miles. In other words, the length of its 
valley is 125 miles, while the length of the crooked channel is 175 
miles. Since the stream in its meanderings strikes first one and then 
the opposite bluflF, it cuts the valley bottom into disconnected flats 
and the road following the valley crosses the river again and again, 
along several stretches it being necessary to fonl the river twenty 
times in going as many miles. The meanders are particularly well 
develoi>ed in the vicinity of Yule and between that place and the 
southern IxDundary of Billings county, though they are by no means 
confined to this part of the valley. South oi Bullion lUitte, and on 
the south side of the river, in sections '5, 10 and 11 of T. i;^(), R. 103, 
there was formerly a large oxbow looj\ l)ut the river has cut across 
the narrow neck of land within the bend and taken the shorter 
course, abandoning its old channel, which i^ now largely filled with 
sediment. 

The fall of the Little Missouri river ]>etNveen Melora and its 
junction with the Missouri is 520 feet, or an average fall of '.V/2 feet 
per mile. Above Medora the fall is considerably greater, the stream 
descending 1<)0 feet in the 70 miles between the Chicago, Milwaukee 
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& St. Paul railroad crossing at Marmarth, near the southern boun- 
dary of Billings county, and Medora, or an average fall of 6^4 feet 
per mile. 

The Badlands. — Bordering the Little Missouri on either side and 
occupying almost one-third of the entire area, or approximately 
1,400 square miles, are the famous badlands. They are not confined 
entirely to that stream, but are also found along Beaver creek. Deep 
creek, the Knife river and other streams. This tract of rough coun- 
try along the Little Missouri has its greatest width near the northern 
border of the district under discussion, where Beaver, Blacktail, 
Whitetail and Magpie creeks with their many tributaries have eroded 
a labyrinth of deep gorges and ravines covering a strip twenty-five 
miles wide. South of here for a distance of forty miles, or as far 
as the mouth of Sand creek, the badlands are from fifteen to twenty 
miles in width. From this point to the southern boundary of Bill- 
ings county they are not more than half as wide, while in Bowman 
county they are neither so well developed nor so extensive as far- 
ther north. 

A word of explanation concerning the use of the term "badlands*' 
may be added here. The land is not bad in the sense commonly 
understood by that word, for the soil is for the most part very pro- 
ductive when supplied with sufficient moisture. But the badlands 
are so extremely rough that they are very difficult to travel through 
and are in places impassible. They are bad in the sense probably 
meant by the old French term mauvaises terrc, originally applied to 
the region with reference to its being a land bad for the traveler. 

The badlands have been produced mainly by stream erosion and 
rain erosion acting on the soft clays and sands of the region. 
Through the agency of running water the nedrly horizontal strata 
have been carved and sculptured into the infinite variety of weird 
and fantastic forms so characteristic of badland scenery. The ero- 
sion is greatly facilitated by the sparseness of the vegetation, the 
steeper slopes being almost bare of verdure. Though the region is 
one in which the rainfall is comparatively light, every shower is 
highly effective in washing away the unconsolidated clays and sands. 
Every slope, the sides of every butte and hill, bear the marks of the 
last shower. They are grooved with countless tiny channels formed 
by the rills and rivulets of water which poured down the slopes. 
Manv creeks enter the river and each of them has its tributaries 
which are branching out and pushing back farther and farther. These 
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Streams have cut their way deeply into the beds of clay and sand, 
thoroughly and minutely dissecting the region into a network of 
canyons, gorges, ravines and gullies. The badlands extend back 
from the river to the headwaters of the creeks tributary to it, and 
the latter are in most cases so near together that the rough country 
along one stream merges into that along the next stream, making a 
, nearly continuous strip of badlands along either side of the Little 
Missouri. 

In some places the change is abrupt from the upland plain to the 
badlands. There are commanding points on the edge of the latter 
where the view in opposite directions presents a most striking con- 
trast. On the one side the eye looks out upon an indescribable 
waste, a chaos of bare ridges, bluffs, buttes, mesas, domes, pinnacles 
and countless strange forms carved from the soft strata of the re- 
gion. (Plate I.) The scene has a strangeness and fascination so 
that one turns from it with reluctance and the eye never tires of 
returning to it. How different is the view presented in the opposite 
direction where a flat, featureless plain stretches away to the horizon, 
with not even a tree to break its monotony. The streams, if any are 
present, have cut only shallow valleys in the plain and the few slopes 
are gentle and grass covered. (Plate II.) 

The greater part of the rain which falls upon the surface runs 
off at once into the streams, causing them to rise rapidly and become 
muddy torrents. Channels which have long been dry are filled by 
swiftly moving floods which sweep away vast quantities of sedi- 
ment and rapidly erode the soft strata of the region. 

One of the effects of these rivulets of water which flow during 
and shortly after a shower is the excavation of great gulches or 
trenches in the bottom of the valleys. These often have a depth of 
twenty to thirty feet, with vertical sides and flat bottom and they 
terminate abruptly at their upper end in an overhanging bank over 
which the torrent falls, rapidly undermining and cutting back the 
head of the gulch. These vertical-walled and deep gulches or 
miniature canvons sunk in the bottom of the vallevs are verv char- 
acteristic of the badlands and render travel through them so diffi- 
cult. 

One of the most notable features of the badlands is the bare clay 
slopes in which the variously tinted strata appear as horizontal band^ 
running along the faces of the bluffs and buttes. The prevailing 
colors are shades of gray, yellow, brown, black and red. But while 
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many of the slopes arc bare, the surface of the region as a whole is 
clothed with vegetation and furnishes excellent pasturage for stock. 
While stream erosion and rain erosion acting on the horizontal 
beds of unconsolidated clav and sand are the chief factors in the 
formation of the badlands, the burning out of the beds of lignite 
has been of great importance in giving them their present aspect. 
The burning of the coal has been going on for thousands of years 
and is still in progress in many places. Coal beds from ten to fifteen 
feet thick and covering hundreds of square miles are now largely 
burned out and there are few extensive tracts in the badlands where 
the effects of the heat thus produced are absent. The overlying clays 
and sands are burned and changed to a red color and often they 
are completely fused to a slag-like mass. (Plate XL, Fig. 1.) This 
clinker, or "scoria" as it is locally called, is much harder and more 

resistant than the shales and sandstones of the region and often caps 
the buttes. ridges and bluffs, protecting them from erosion. The 
beds of clinker vary in thickness from a few feet to forty, fifty and 
even a hundred feet, and with their bright red colors are conspicu- 
ous features of badland scenery. In some localities, as in the vicin- 
ity of Flat Top and Sentinel buttes, huge masses of fused clay cover 
the slopes and form the capping layer of every butte. A thick bed 
of burnt clay forms the topmost layer of the higher bluffs and ridges 
j along the Little Missouri from Aledora to Bullion Butte, and the 

same clinker bed is found along Andrews creek and Sully creek, 
composing the masses seen frorri the railroad. The effects of the 
burning out of the lignite beds are well shown where the fires are 
still burning. The overlying clays settle down and form a depres- 
sion nearly as deep as the thickness of the original bed of coal, at 
the same time wide cracks are opened in the earth and the materials 
above the coal are thus much broken and fractured. In this way a 
supply of air reaches the burning lignite and it smoulders slowly 
on, working its way back farther and farther as the surface settles 
and new fissures are opened over the burning bed. At the same 
time the clays are hardened and frequently fused, their color chang- 
ing to red or pink. (Plate XT.. Fig. 2.^ 

\ The effects of this destruction of the lignite beds arc not confined 

I to the badlands, and there are some extensive districts where the 

topography is very largely the result of this ^irocess. Thus, in the 
drainage area of Deej> creek, west and southwest of l>lack Butte, 
the surface has a peculiar hummockv character when seen from the 
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top of this butte, being thickly dotted with rounded knolls or hum- 
mocks. These are fifty to sixty feet and over in height and most 
of them are covered" by and composed largely of masses of clinker. 
They have clearly been formed by the burning of a thick bed of 
coal, as a result of which the ground settled unevenly and much of 
the surface materials have been swept away by Deep creek and its 
tributaries, leaving the harder or more resistant portions behind to 
form the hundreds of rounded knobs with their coverinc: of red 
burnt clav. 

Elevations. — So far as known, the highest point in Xorth Dakota 
is found in Billings county. The top of Sentinel Butte has an eleva- 
tion of 3,350 feet above sea level, or GoO feet above the station of 
the same name. Bullion Butte, about eighteen miles southeast of 
Sentinel, rises 925 feet above the Little ^Missouri at the mouth of 
P>ullion creek, or between 3,250 and 3,300 feet above sea level. But 
aside from these high buttes which rise hundreds of feet above the 
surrounding country^ the surface of the upland plain itself, which 
occupies the greater part of the area, reaches a high elevation in 
certain districts. It probably attains its greatest height in north- 
western Bowman country, on the divide between Deep creek and 
Spring creek, the latter a tributary of the North Fork of the Grand 
river, and the Little Missouri. There is a large area here which is 
over 3,000 feet above sea level and the station of Rhanie on the 
Chicago, Milwaukee & St. Paul railroad has an elevation of 3,189 
feet. 

Tracts of countrv occur on the west side of the Little Missouri, 
on the divide between that stream and Beaver creek in iMontana, 
with elevations of 2,800 feet ; and one or two miles west of Frv- 
burg, on the edge of the badlands, the divide is 2.800 feet above 
sea level. Another high area is in northeastern Billings county, 
on the divide between the (ireen and Little Missouri rivers. The 
lowest point in the region under discussion is in the valley of the 
Little [Missouri at the mouth of Beaver creek, the elevation here 
being approximately 2,070 feet above sea level. This gives a dif- 
ference of elevation between the lowest and highest points of nearly 
1,300 feet. 

The lx)ttom of the valley of the Little Missouri at Marmarth in 
southern Billings county, is 2,7 IT feet above sea level, or higher 
than the town of Sentinel lUitte, located on the upland plain forty 
miles north. 
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STRATIGRAPHY. 

The geological formations which occur in southwestern North 
Dakota belong to the upper Cretaceous and Tertiary periods of the 
earth's history. The Cretaceous rocks occupy a small area in west- 
ern Bowman and southwestern Billings counties, while the Tertiary 
beds have a wide distribution and form the surface rocks over the 
entire region with the exception of the area just mentioned. 

CRETACEOUS. 

PIERRE SHALE. 

The Pierre shale occupies an area five or six square miles in ex- 
tent on Little Beaver creek, in northwestern Bowman county and 
extending across the line into Montana. The beds are brought to 
the surface by an anticlinal fold which appears to have affected a 
considerable area. The anticline so well shown on the Yellowstone, 
twelve miles above Glendive, if continued in the direction of the 
strike of the beds (S. 38 degrees E.), would include 
the Bowman county locality. Since ammonites and other 
marine fossils are reported to occur at several interven- 
ing points it is quite probable that the Pierre shale 
exposed on the Yellowstone and on Little Beaver creek is brought 
to the surface by the same uplift and the two areas of outcrop are 
perhaps continuous. 

The Pierre shale, which is the lower member of the Montana 
group, is composed mostly of bluish gray shale, becoming dark and 
almost black when moist. The beds are jointed and weather into 
small flaky fragments. The rock commonly shows yellow spots or 
stains of iron oxide. 

The top of the Pierre shale is well exposed on Little Beaver creek 
from two to four miles south of the Billings county line. In the 
southeast quarter of section 23; T. 132, R. 107, seventy-five feet of 
this jointed shale appear in a cut bank of the creek. These top- 
most beds of the Pierre contain numerous concretions of impure 
lime carbonate varying in size from several inches to six and eight 
feet in diameter. The calcareous concretions are very rich in fos- 
sils which are characteristic of the upper part of the Pierre. The 
following marine shells were collected from this locality and were 
identified by Dr. T. W. Stanton : 
Pyrifusus, 
Anisomyon subovatns M. & H. 
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Margarita nchrasccnsis M. & H. 

Vanikora ambigua M. & 11. 

Xatitilus dckayi Morton. 

Aporrhais biangidata M. & H. 

Inoceramiis cripsi var. barabini Morton. 

Cuspidaria morcaxiensis M. & H. 

Lticina occidentalis Morton. 

Azncula Unguiformis E. & S. 

Callista deiccyi M. & H. 

Chlamys nebrascensis M. & H. 

Leda (Voldia) evausi M. & H. 

Lucina occidentalis var vcntricosa M. & H. 

Scaphitcs nodosus (Owen). 

Dentalium gracilc M. & H. 

Anisomyon sp. 

Pyrifusus nczcberryi M. & H. 

Ostrea pellucid a M. & H. 

Nucula canccllata M. & H. 

Protocardia subquadrata E. & S. 

Lunatia sp. 

Dentalium sp. 

Amsomyon patelliformis M. & H. 

Haminca occidentalis M. & H. 

Fasciolaria (Cryptorhytis) flexicostata M. & H. 

Baculites ovatus Say. 

Cuspidaria ventricosa ^\. & H.? 

Scaphitcs nodosus Owen var. breins and plcnus. 

rOX HILLS FORMATION. 

The upper member of the Montana group and the most recent of 
the marine Cretaceous strata is the Fox Hills formation, which over- 
lies the Pierre and occupies a strip of country surrounding its out- 
crop, as shown on the map. The beds are somewhat lighter than 
those beneath, and when weathered arc buff colored. They are well 
shown in outcrops on Little Beaver creek opposite the mouth of 
Corral creek and near the line between sections T and 18, T. 132. 
R. 106. At the base of the section exposed at this point, and not 
far above the base of the formation, there are about 2o feet of very 
finely laminated, sandy clay, composed of alternating light and dark 
laminae. These contain nodules of iron pyrites and there is an 
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absence of the jointing so well clevelo|>ed in the underlying Pierre 
shale. The fossil-bearing calcareous concretions are also wanting in 
these beds. Above the laminated clays occurs a ledge of yellow 
sandstone eight to ten feet thick and overlying the latter are fifty 
feet of light greenish gray sandstone. A section of these beds rest- 
ing on the Pierre and exposed on Little Beaver creek is therefore as 

fellows : 

Feet. 

Sandstone, lig^ht greenish gray, massive 50 

Sandstone ledge , yellow 8-10 

Clay, sandy, finely laminated 20-25 

At the top of this formation is an unconformity separating it from 
the overlying strata. The sandstone has here been eroded and its 
upper surface is undulating, while resting on it is a brown to black, 
verv carbonaceous and clavev sandstone. This unconformity ap- 
pears at tw^o points along Little Beaver creek, one near the southern 
edge of section 7, T. 132, R. 106, and the other near the centre of 
the same section. (Plate V.) 

Xo fossils were found in these beds lying between the Pierre 
shale and the unconformity and their reference to the Fox Hills 
formation is only provisional and is based partly on their strati- 
graphic position, which is similar to that of the Fox Hills sand- 
stone in the Hell Creek region of eastern Montana, and partly on 
their resemblance to the beds of that region. They differ from the 
Pierre shale on which they rest in color, in consisting largely of sand, 
in their lamination, and absence of jointing. They are separated 
from the overlying strata by an unconformity. These beds thus 
appear to comprise a rather distinct division and for the reasons 
stated above they are provisionally referred to the Fox Hills for- 
mation. 

TERTIARY. 
LOWER FORT UNION OR DINOSAl'R-P.KARI NT. UEDS. 

For manv vears all the beds above the marine Cretaceous rocks 
were regarded as belonging to a formation which has been called 
by some the ''Laramie," by others the "Fort Union.'' The work of 
the past few years in eastern Montana and western North Dakota 
has shown, however, that the Laramie probal)ly does not occur at 
all in the region and that the beds above the marine Cretaceous ^be- 
long to the Fort L'nion formation. 
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The Fort Union rocks are readily separated into three members 
by a marked difference in character and appearance. The entire 
thickness of all three divisions is well shown in the area under dis- 
cussion, which is especially favorable for the study of the various 
members of this formation. The upjx^r beds are composed of rather 
dark gray sandstone and shale, with many brown, ferruginous, sandy 
nodules and concretions. The middle member is formed of light 
ash gray and buff shales and sandstones, which are remarkably uni- 
form in color and appearance over extensive areas. These two 
divisions of the formation contain abundant plant remains of mod- 
em aspect which leave no doubt that the beds are of Fort Union 
(early Eocene) age. 

The lower member is composed of the dinosaur-bearing somber 
beds. These likewise contain a flora which Dr. F. H. Knowlton, 
of the United States Geological Survey, regards as "beyond all ques- 
tion a Fort Union flora."^ The basal portion of these somber beds 
contains large numbers of dinosaur bones and occupies the same 
relative position to the formations above and below- as the *'Hell 
Creek Beds'* described by Mr. Harnum Brown.- 

Associated with the dinosaur bones in the lower portion of the 
somber beds plants are also found which Dr. Knowlton states arc 
likewise typical Fort Union species. The flora thus furnishes evid- 
ence that these dinosaur-bearing beds belong to the Fort Union and 
they are doubtless to be regarded as forming a part of that forma- 
tion. 

The somber beds cover a considerable area in southwestern Bill- 
ings and western Bown^an counties. They are well exposed in the 
bluffs of the Little Missouri valley for twenty miles above and be- 
low the point where the Chicago, Milwaukee & St. Paul railroad 
crosses that river. (Plate \'I., Fig. 1.) Farther west in Montana 
these beds occur along the Yellowstone between Glendive and Miles 
Citv, and are well shown north of Miles Citv, in the Hell Creek 
region. In many places they are seen to l>e overlain by the light 
gray and buff middle member of the T^^rt Union. At Signal Butte 
near Miles City, for example, the somber Ix^ds rise oOO feet above 
the Yellowstone river, while resting on them and forming the upper 
part of the butte are 'JOO feet of buff beds belonging to the middle 
meml>er. On the Little Missouri river below Yule the same contact 
between the lower and middle divisions of the I'ort Union is seen. 



'In letter to the writer. 

^BuII. Am. Mus. of Xat. Hist.. Vol. XXIIl. pp. 8J3-S4r», 11>07. 
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The dinosaur-bearing beds as a whole have certain distinctive 
features by which they may be readily recognized. They are com- 
posed mainly of alternating layers of shale and soft sandstone, and 
have a notably dark and somber aspect in marked contrast to the 
buff and light gray of the overlying member of the Fort Union. 
The prevailing colors are dark gray, together with many brown 
bands, but weathered surfaces, especially when moist, frequently 
have a greenish gra'y or olive color. Beds of brown, carbonaceous 
clay shale are very common and conspicuous. These strata also 
contain much dark brown, ferruginous material, occurring both in 
thin seams and concretions, the latter being most numerous at cer- 
tain horizons, and fragments of this cover the slopes in many places. 
Another characteristic is the great number of sandstone concretions, 
some small and others eight to ten feet in diameter, and very irregu- 
lar in shape. (Plate VII., Fig. 1.) 

No workable coal is found in the lower 300 feet or more of the 
somber beds, and in some portions of the area only thin coal seams 
occur throughout their entire thickness. Thus in the Pretty Butte 
section there is no coal bed over two feet thick, and in those which 
are present the coal is impure and mixed with clay. In the 250 feet 
of strata exposed at the mouth of Bacon creek there is practically 
no coal, the thickest seam being only fifteen inches, and the same is 
true for all the somber sandstones and shales exposed along the 
Little Missouri river from the Pretty Buttes south to the South 
Dakota line. But while only thin and unw-orkable coal beds occur 
in the lower part of this member, in the upper portion thick beds of 
coal are found in many places. In the vicinity of Yule five or six 
of these are present in the upper part of the formation, and the coal 
on Bacon and Coyote creeks is at about the same horizon. 

At their base the somber beds are separated from the underlying 
formation by the unconformity already mentioned on a previous 
page. At the top they are not everywhere so sharply marked off 
from the overlying light colored member of the Fort Union, though 
they may generally be separated by means of their marked differ- 
ence in lithologic character, including their contrast of color. 

The thickness of the somber beds in southwestern North Dakota 
is approximately GOO feet. In the Hell Creek region of Montana 
the thickness of these strata, including the *'Hell Creek Beds" of 
Mr. Barnum Brown, is 410 feet and they measure about the same 
at Glendive. 
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The character of this lower member of the Fort Union is shown 
in the following detailed section which was measured in the Pretty 
Buttes, five miles below Marmarth, on the west side of the Little 

Missouri river. It illustrates the rapid alternation of materials in 
this formation. 

Pretty Buttrs Section. 

Feet. Inches. 

Burnt clay bed, capping the huttcs 26 

Clay , gray 2 

Sandstone, fine-grained, bnfF 8 9 

Shale , gray 2 9 

Shale, light buff 9 

Shale, chocolate brown, carbonaceous 2 

Coal, impure and dirty 11 

Shale , brown 9 

Coal , impure 8 

Sandstone and shale, chocolate brown, carbonaceous... 2 

Sandstone , gray 12 

Shale, ^ gray 2 

Shale, brown, carbonaceous 4 3 

Coal , impure 8 

Sandstone, fine-grained, gray 15 6 

Shale, chocolate brown 1 7 

Sandstone and shale, not well exposed 21 5 

Shale , brown 1 

Sandstone , gray 11 3 

Earth, black, carbonaceous 3 

Sandstone, argillaceous, gray 3 7 

Shale, gray 5 9 

Sandstone , gray 3 9 

Shale , gray 10 6 

Coal, impure and dirty 11 

Shale , chocolate brown 1 2 

Sandstone 10 

Shale, chocolate brown 1 3 

Sandstone, argillaceous 3 7 

Shale, brown, carbonaceous, with some coal 1 

Shale , gray 2 

Coal , impure 6 

Sandstone, light gray 23 

Coal, impure, with 7-inch clay parting 2 

Shale, chocolate brown, carbonaceous 2 

Shale, sandy, changing in places to sandstone 58 

Coal and brown shale 1 4 

Sandstone with some clay, gray 8 9 

Shale, brown , carbonaceous 1 4 
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Feet. Inches. 

Coal , impure 2 

Shale, brown , carbonaceous 8 

Sandstone, gray, with some shale C3 4 

Shale, brown, carbonaceous 1 

Shale , gray 1 6 

Sandstone , ' gray G 

Shale, brown , carbonaceous 2 3 

Sandstone 3 

Shale , gray 7 5 

Sandstone, gray, with limonitic concretions 16 6 

Shale , gray 4 

Shale, sandy, passing into sandstone above, gray; con- 
tains numerous brown, limonitic nodules 22 

Shale, dark brown, carbonaceous, with thin streaks of 

coal 1 1 

Shale, light gray 10 

Shale, dark gray to brown * 2 9 

Shale, gray, sandy above 5 2 

Shale, brown , carbonaceous 3 4 

Clay, greenish gray 2 G 

Sandstone, gray, with great numbers of sandstone con- 
cretions and lenses 13 4 

Shale, brown , carbonaceous " 2 9 

Clay . greenish gray . 3 

Sand , gray 3 9 

Shale, brown, carbonaceors, with streaks of coal 4 7 

Shale , sandy 5 

Unexposed to river 20 
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All of the strata exposed in the above section belong to the som- 
ber beds, with the exce])tion of the upper thirty or forty feet which 
are thought to belong to the middle member of the Fort Union. 

The base of the section is probably nearly 200 feet above the base 
of the somber beds, since the contact of these with the underlying 
formation is found not far above river level seven miles so^ith of 
here, on Little Beaver creek. The northward dip of the strata car- 
ries the contact below the river so that the lower portion of the 
somber member does not appear at the Pretty Buttes. These lower 
beds just above the contact are well shown, however, in the buttes 
and ridges back one or two miles from Little Beaver creek, where 
thev are seen to be composed largely of sandstone. They have 
a vcrv marked banded appearance, due to the alternation of dark 
brown and gray layers. 
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The dinosaur-bearing beds occur at the surface over a consid- 
erable area in southwestern Billings and western Bowman counties. 
They outcrop along the Little Missouri from the great bend six 
miles below Yule to the South Dakota line and extend back some 
miles on either side of the river, forming the surface formation of 
eighteen to twenty townships. In Billings county they extend east 
as far as the divide separating the headwaters of Bacon and Indian 
creeks from those of Deep creek. 

This somber member constituting the lower Fort Union has so 
far yielded, according to Dr. F. H. Knowlton\ some fifty species 
of plants and the list is constantly growing. As previously stated, 
this flora is beyond question a Fort Union flora. The following 
species were collected mostly in the upper portion of the somber 
beds, near Yule, Billings county. North Dakota: 

Taxodium occidentale Newb. 

Populus amblyrhyncha Ward. 

Platanus Haydenii Newb. 

Juglans rugosa ? Lesq. 

Hicoria antiqtiora (Newb.) Kn. 

Sapindus af finis Newb. 

Viburnum Whymperi Heer. 

Trapa microphylla Lesq. of Ward. 

Cocculus Haydenianus Ward. 
Near the mouth of Bacon creek, in the lower portion of the som- 
ber beds and associated with the dinosaur bones, a Ficus fruit was 
found. The same species is present in the Hell Creek beds and at 
Forsyth, Montana. 

Five miles southwest of Yule, in section IG, T. 135, R. 105, a 
bed of fossil oyster shells w^as found, containing the single species 
Ostrea subtrigonalis E. & S.- Dr. Stanton considers the presence 
of these fossils here as sufficient evidence that the beds are not later 
than the Laramie. The shells were collected from about the same, 
or a slightly higher, horizon than the one containing the Fort Union 
plants, so that the testimony of the latter regarding the age of the 
somber beds is not in accord w^th that of the shells. The evidence 
of the plants as to the age of this member should probably have 
greater weight on account of the considerable number of species 
found in widely scattered localities. 



*In letter to the writer. 

•Identified by Dr. T. \V. Stanton. 
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The lower portion of the somber beds contains the remains of the 
great land reptiles known as dinosaurs, and the large bones of these 
animals were found in considerable numbers in the badlands at the 
mouth of Bacon creek. (Plate VII., Fig. 2.) The dinosaurs are 
an extinct group of reptiles whose members varied greatly in size, 
habits and appearance. Some were only three or four feet in height 
while others were of enormous size and were among the largest 
land animals which ever lived on the earth, being as much as sixty 
feet long. Some walked on all fours, but many had short front 
legs and used only their powerful hind legs for locomotion. Some 
were vegetable feeders, w-hile others lived on animal food alone. 
One of the most common and remarkable of the dinosaurs was the 
clumsy and massive Triceratops, so called from its three horns. 
The animal had an enormous skull which projected backwards over 
the neck in a cape-like extension. It had a sharp, parrot-like beak, 
a stout horn on the nose, and a pair of large, pointed horns on the 
top of the head. It was this Triceratops whose remains were found 
in southern Billings county, along with the bones of other dino- 
saurs.^ 

The somber beds of southwestern North Dakota have the same 
relative position and are doubtless to be correlated with the "Hell 
Creek Beds" of Mr. Barnum Brown, including the 100 feet of 
"Lignite Beds" overlying them, which he regards as probably Fort 
Union.- In the Hell Creek j-egion of Montana they rest unconform- 
ably on the Fox Hills and are overlain by the typical, light gray and 
buflf member of the Fort Union. The Hell Creek beds of that area 
contain the remains of many dinosaurs, among which Triceratops 
is the most abundant. 

The somber beds also correspond in position with part of the 
"Dinosaur-bearing beds" of the Glendive region of IMontana, de- 
scribed by the writer.^ In the section exposed at Iron Bluff, on 
the Yellowstone river a few miles above Glendive, 350 feet of dark 
shale and sandstone rest unconformablv on a white, massive sand- 
stone and these beds, which are barren of coal, contain Fort I'nion 
plants.'* 



* Identified by Mr. C. W. Ciilmoro of the Smithsonian Institution, who says, "the 
larfifer specimen, un account of its large size, may be tentatively referred to the species 
Triceratops horruius (?)."A fragmentary scapula was identified as pertaining to the 
Renus Trachodon. 

=null. Am. Mus. Nat. Hist.. Vol. XXIII. pp. 820-835. 1907. 

"Rull. No. aiO, U. S. Geol. ourv.. Pt. II. pp. 198-200. 

*Dr. F. IT. Knowhon in letter to the writer. 
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These Strata at Iron Bluflf resemble the somber beds of the Little 
Missouri river area of North Dakota, with which they are correlat- 
ed, and near Glendive Mr. Barnum Brown found in them the re- 
mains of a Triceratops. 

FORT UNION FORMATION. 

The Fort Union, which is early Eocene in age, is the surface for- 
mation over the greater portion of the region under discussion, cov- 
ering all of Billings and Bowman counties except a few small areas, 
as shown on the accompanying map. (Pate XV^III.) It is the 
Fort Union also that contains the coal beds of the district. 

As was stated on a previous page the beds above the marine Cre- 
, taceous rocks were for many years thought to belong either to the 
Laramie or Fort Union formations. Recent work in North Dakota 
and Montana has shown that these beds are to be referred to the 
Fort Union and that the Laramie is wholly absent from the greater 
portion of the region. The name Fort L^nion was first used by Dr. 
F. V. Hayden in 18G1 to designate the group of strata, containing 
lignite beds, in the country around Fort Union, at the 
mouth of the Yellowstone river, and extending north into Canada 
and south to old Fort Clark, on the Missouri river above Bismarck. 
The Fort Union formation is known to cover extensive areas in 
western North Dakota, eastern Montana and adjoining portions of 
Wyoming and South Dakota. The rocks arc shales and rather 
fine-grained sandstones, with beds of lignite. They are fresh- 
water deposits and contain a flora of nearly 400 species of fossil 
plants, many of which resemble those of today. Numerous fresh 
water shells, and some reptiles also occur in the formation. 

Mention has already been made of the fact that the Fort Union 
rocks are readily divided into three members, the lower of which 
has been discussed, under the title of the ''dinosaur-bearing beds.'* 
It is the middle and up|")or members that are described here. The 
diflFerence between them is very marked and has been observed over 

an extensive area. The middle or buff division outcrops in the bluffs 
of the Little Missouri river from Yule to the northern boundary 

of the area under discussion, while the l>eds of the upper member 

appear in the divides, ridges and high buttes, and are generally back 

a greater or less distance from the valley of that stream. 

The middle portion is composed of light ash gray and bufif shales 

and sandstones while the upper is formed of l)eds much darker in 
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color, mostly a dark and somber gray, with many brown, ferrugin- 
ous, sandy nodules and concretions. The contact between these 
two mem-bers of the Fort Union is so clearly defined that it is readily 
distinguished even at a distance and is traced without difficulty 
wherever exposed to view. Over nearly one-half of Billings county 
a thick coal bed, or a layer of clinker formed by the burning of the 
coal, occurs just at the contact of the upper and middle series. But 
even where the coal or clinker is absent the line of separation is eas- 
ily discernable. The workable beds of coal are more numerous in 
the middle member of the Fort Union, there being at least ten such 
beds in this portion of the formation, while the upper carries only 
half as many. Petrified wood, which is so abundant in many places 
in the region, appears to be much more common in the upper series, 
particularly where it occurs in the form of large stumps and trunks 
of trees, as in the vicinity of Sully Springs. 

A comparison of the lower, somber beds with the other two mem- 
bers of the Fort Union shows that the latter were deposited under 
more uniform conditions and as a result the individual lavers are 
more persistent and widespread. 

The strata of the upper two divisions of the Fort Union formation 
may be seen along the Northern Pacific railroad between Fryburg 
and Medora. From the former station to the siding at Scoria the 
upper member is well shown in the" badlands on either side, while 
between Scoria and 'Medora the middle member appears. The up- 
per division is absent over practically all of southern Billings coun- 
ty, except in the highest buttes, and is probably not present in 
Bowman county. 

No account of the Fort Union formation would be complete 
without mention of the vast quantity of burnt clay or clinker which 
forms so conspicuous a feature of this formation wherever it oc- 
curs. Beds of this clinker varying from 5 or 6 feet to 40 feet and 
over can be traced for mile after mile in the bluflfs bordering the 
stream valleys, and in the ridges and divides, while many of the 
low buttes are capped with this material. The heat of the burning 
coal has been sufficient to burn, and in many places to completely 
fuse to slag-like masses, the overlying clay, turning it a red or 
salmon pink. The term *\scoria" locally applied to this burnt clay 
is misleading, since it is very different from the scoria of volcanoes 
and is of course entirely difYerent in origin. Further reference will 
be made to the clinker under the discussion of the coal beds. 
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The character of the Fort Union formation is well shown in the 
following detailed sections : 

Shores Ranch Section. 

This section is exposed in the steep bluff about one-fourth of a 

mile below the ford at Short's ranch, in the southeast quarter of 

section 1, T. 142, R. 102. 

Feet. Inches. 
Shale and sandstone, buflF and gray, on which rest the 

somber beds of the upper series 17 

Coal ' 1 6 

Sandstone, fine-grained, contains some clay, buflF and 

gray 77 

Coal 1 

Shale, gray and yellow 16 

Coal, impure, and with two thin clay seams 1 

Shale and sandstone ; . . . 17 

Shale, brown 1 

Shale, gray 7 6 

Coal , and some brown clay 6 

Shale, blue and yellow 7 

Shale, brown , carbonaceous 8 

Sandstone .with some clay 6 

Shale 4 

Coal 8 

Clay, gray 1 6 

Coal 1 

Shale, gray and yellow 3 

Sandstone, fine, gray 8 

Coal 2 6 

Shale, blue 7 6 

Coal 1 8 

Shale, blue, plastic 5 6 

Coal, with 6-inch clay parting 3 inches above bottom 2 6 

Shale, blue, plastic 3' 6 

Coal 5 

Shale, blue, plastic 3 

Coal 9 

Shale, blue 3 

Sandstone, yellow and gray, fine-grained and laminated. 4 

Coal 1 

Clay, gray 6 

Coal , with 1 inch clay parting 

Shale , bluish gray 4 

Shale, gray and brown, with a thin streak of coal 4 

Sandstone, yellow and gray 3 

Shale, light gray, growing sandy above 16 



54 LIGNITE COAL 



Feet. Inches. 
Shale, brown 4 

Coal 18 

Shale, light gray, with thin streak of coal 13 

Sandstone, gray 3 

Shale , blue and yellow 8 

Sandstone, yellow and gray 4 

Shale, sandy and finely laminated 1 4 

Shale, blue . 3 

Coal '. 3 

Clay 7 

Coal 6 

Sandstone, growing clayey above 2 

Shale, bluish gray, with thin streak of coal 6 

Sandstone, gray 5 

Coal 1 2 

Shale, sandy, yellow 6 

Coal , with some brown clay 4 

Shale, sandy and laminated toward top 14 

Coal 2 

Shale, gray 3 6 

Coal and brown clay 1 

Sandstone , fine and gray 1 6 

Shale, gray 2 

Shale, brown, with 2 to 4 inches of coal at base 8 

Shale, light gray 2 8 

Sandstone, gray, fine-grained, with hard ledge of rock 

near top ; exposed above river 14 

288 8 
The beds appearing in the above section all belong to the mid- 
dle member. It will be noted that although there are 17 coal seams 
none are of workable thickness, the thickest being only 30 inches. 
But the thick bed which outcrops less than two miles above and 
below the point where the section was made cannot here 'be far be- 
low river level. 

The section which follows was measured three miles east of the 
previous one, in the northeast quarter of section 4, T. 142, R. 101., 
and lies wholly in the upper division of the Fort Union, its base rest- 
ing on the lower member. 

Section 31/2 miles east of Short* s Ranch. 

Feet. Inches. 
Sandstone and shale in alternating layers, more argil- 
laceous at the base 80 

Coal band , thin 
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Feet. Inches. 
Shale , sandy 10 

Shale, bituminous 2 

Shale , sandy 10 

Powdery material, probably weathered, shaly coal. 
Shale, gray, forming where wet a sticky mud, sandy 

near middle 25 

Coal in two beds, the upper 1 foot, the lower l-yz 

feet, separated by 4 inches of brown shale 2 10 

Shale, gray, with hard, concretion-like masses of same 

color 55 

Coal : 2 

Shale, sandy, gray 10 

Coal 1 

Shale, sandy, gray, more clayey above and below 50 

Coal 3 G 

Sandstone and sandy, gray shale, rather coarse sand- 
stone near center, fine-grained at top and bot- 
tom , with yellow bands 55 

Coal 1 

Sandstone, clayey, bluish gray, contains irregular iron- 
stone bands, rather coarse sand at base, but 

grows gradually finer till at top it is a shale.. 40 

Coal , impure 1 3 

Shale , gray 7 

Coal, impure 3 

358 7 

The light colored beds of the middle member of the Fort Unica 
are well exposed in the river blufT at Medora, where the following 
section occurs: 

Medora Section 

Feet. Inches. 
Sandstone, claye}-, gray and yellow, finer grained than 

rock 'below 10 

Sandstone, gray, soft, coarse-grained, massive, forms 

vertical escarpment near top of bluflF 35 

Coal and carbonaceous shale 1-4 

Shale, gray and yellow 7 

Coal 3-4 

Shale G 

Sandstone, clayey, fine-grained, gray 5 

Shale , yellow 1 6 

Coal 6 

Shale , gray 1 

Shale, sandy, gray 5 

Shale , gray 1 6 
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Feet. Inches. 
Shale, brown, carbonaceous, with thin coal seam .... 1 

Shale , gray 4 

Sandstone, clayey, gray and buflF, fine-grained, lam- 
inated; in places forms hard ledge projecting 

beyond softer clays above and below 10 

Shale, with some sandy streaks, gray and yellow 5 

Shale, brown, with plant impressions 4 

Coal 1 6 

Shale, gray and yellow, with sandy layers and a thin 

streak of coal ^ 25 

Shale, sandy and passing toward the top into a hard, 

compact, fine-grained, gray sandstone, which 
forms a projecting ledge 3-4 

Shale , gray and yellow 5 6 

Sandstone, fine-grained 2 

Shale, gray and yellow 4 6 

Shale , sandy, gray fine-grained 5 

Coal streak, and brown, carbonaceous clay 1-2 

Sandstone and sandy clay, gray, in places the sand is 
cemented into hard rock, forming a projecting 

ledge 7 

Shale , gray 1 

Shale, brown 8 

Coal 1 

Shale , gray and yellow 20 

Shale, brown, carbonaceous 2 

Coal 4 

Shale, brown, with abundant plant remains, mostly 

stem impressions 1 

Shale , gray 3 

Sandstone, fine-grained and sandy shale 16 

Shale 4 

Shale, sandy 6 

Shale , gray 1 

Coal 2 

Shale 2 

Coal 8 

Shale 3-5 

Coal 11 

Shale and sandstone, not well exposed, to river 40 



251 6 
Large collections of Fort Union leaves were made from two 
horizons represented in the above section, namely, 15 feet above the 
8-foot coal bed and 6 feet above the 4-foot coal bed. The fossil 
plants occur in a compact, hard, calcareous clay which forms lenticu- 
lar masses in the softer beds. 
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The beds of the upper member of the Fort Union occur in Senti- 
nel Butte, where the following section appears: 

Sentinel Butte Section. 

Feet. Inches. 

Clay, calcareous 10 

Limestone alternating with calcareous clay. The lime- 
stone is very compact and fine-grained, brittle, 

siliceous, and gray and white in color, weath- 
ering into very thin laminae. Contains fish re- 
mains r5 

Clay, very calcareous, gray weathering to greenish 25 

Sandstone, gray, hard 80 

Shale, sandy, gray and yellow 30 

Shale, brown, with thin seam of coal 1 6 

Shale, sandy, gray and yellow 53 

Coal 6 

Sandstone, fine-grained, clayey 12 

Shale, brown and gray, containing many selenite crystals 4 

Sandstone, soft, fine-grained 1 

Coal 12-18 

Shale, brown and carbonaceous 1 

Shale , bluish gray 10 

Sandstone, gray 12 

Shale and sandstone, not well exposed 55 

Coal .' 2-6 

Shale, sandy, gray 37 

Shale, gray, with no sand 2 

Coal 6 

Shale, sandy, brown at the top 5 

Sandstone, fine, gray 4 

Shale, sandy, gray, containing nodules 15 

Sandstone , finely laminated 4 

Shale, sandy, gray, with ferruginous bands 8 

Shale, sandy, brown 1 

Shale, gray 5 

Shale, gray, sandy, containing abundant siliceous and 

ferruginous nodules, arranged mostly in bands 

at certain horizons; these hard nodules project 

from surface of softer shale and cap small clay 

columns 25 

Sandstone and shale, not well exposed 25 

Coal ■ 21 2 

Unexposed to level of railroad at station of Sentinel 

Butte 190 

650 2 
The upper three members of the above section belong to the 
Oligocene formation. The 21-foot coal bed is about 50 feet above 
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the base of the upper division of the Fort Union. Dr. A. C Peale 
and Dr. F. H. Knowlton collected leaves from five horizons in Sen- 
tinel Butte, all of these plants being characteristic of the Fort Union. 
There is a bed of coal not far below the upper sandstone capping 
the butte, which does not appear in the above section, unless it is 
represented by the carbonaceous clay and coal seams 30 feet below 
the thick upper sandstone. A thick layer of red burnt clay formed 
by the burning of this coal shows at several points. 

Tepee Butte Section. 

One of the best exposures of the Fort Union beds anywhere 

in the region, and that showing the greatest vertical thickness of 

strata, occurs in the high, steep bluff of the Little Missouri, which 

is surmounted by the so-called Tepee Buttes. (Plate VI, Fig. 2.) 

It is one and a half miles north of the mouth of Deep creek, in the 

southwest quarter of section 5, T. 136, R. 102. 

Feet. Inches. 
Sandstone, with hard ledge at top, to top of Tepee 

Buttes 35 

Shale , sandy ^ buff colored 17 8 

Coal 4 6 

Shale, dark colored 10 

Shale, buff 4 6 

Shale, dark colored 7 

Sandstone, brown, with many ferruginous concretions. 23 

Shale , buff, compact 31 9 

Shale , chocolate brown 9 

Coal 2 1 

Shale, chocolate brown 5 

Shale , dark colored 14 2 

Shale , chocolate brown 1 

Coal 6 3 

Shale, light gray 3 2 

Sandstone 11 

Shale , dark colored 7 2 

Coal * 2 

Shale , dark colored 2 2 

Shale, chocolate brown 1 3 

Coal 7 

Shale, chocolate brown 1 

Bed R Coal 2 

Shale, chocolate brown 2 

Coal 3 

Sandstone grading into shale 23 10 

Shale , carbonaceous h 
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Feet. Inches. 

Shale, dark colored 8 

Shale, sandy, buff 2 2 

Shale, chocolate brown 11 

Shale, sandy, buff 9 1 

Shale, dark colored 2 3 

Sandstone, fine, compact, brown 6 4 

Coal 3 

Shale 3 3 

Shale, chocolate brown 4 

Shale, buff 2 8 

Shale, with streaks of coal 1 1 

Sandstone, grading into shale 18 

Shale , and some coal 1 2 

Sandstone, grading into shale 9 

Coal 6 

Shale, chocolate brown 8 

Coal 1 

Shale, chocolate brown 2 

Coal 1 

Shale, carbonaceous 4 

Shale, sandy, light gray 7 

Shale, chocolate brown 5 

Shale , sandy 15 2 

Coal 3 

Shale 9 

Coal 5 

Shale , chocolate brown <J 

Coal 1 7 

Shale 1 2 

Coal ....: 3 

Shale, sandy, grading into pure shale 10 

Shale 2 

Coal r> 

Shale, buff 1 

Coal 2 

Shale , sandy 8 r> 

Shale , chocolate brown 2 

Coal 1 (i 

Shale, chocolate brown 1 

Sandstone, argillaceous, buff 13 7 

Coal .^ 

Shale, chocolate brown 4 

Shale, sandy, buff r> fi 

Shale, black, carbonaceous 3 

Sandstone 6 2 

Shale, black carbonaceous 2 

Shale, sandy 1 
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Feet. Inches. 

Shale , chocolate brown 9 

Shale, sandy, buff 3 3 

Shale, brown 1 

Sandstone, argillaceous, buff 7 

Sandstone , grading into shale, gray 12 

Shale, buff 7 1 

Sandstone, buff 2 

Sandstone, argillaceous, buff 2 

Shale, chocolate brown 10 

Shale, buff 2 6 

Shale, black, carbonaceous 3 

Shale, chocolate brown 8 

Shale, buff 1 

Shale, brown, carbonaceous 1 6 

Sandstone, gray 2 6 

Shale , chocolate brown 2 8 

Coal 2 2 

Shale, chocolate brown 1 

Shale, buff, sandy 1 

Sandstone, fine-grained 3 3 

Coal 2 

Shale sandy, buff 2 

Sandstone, buff 4 7 

Coal 1 4 

Shale chocolate brown 3 

Coal 6 

Shale chocolate brown 6 

Caal 9 ■* 

Shale, cliocotate brown 2 

Shale, sandy, buff 5 

Sandstone , buff 26 

Coal 2 2 

Shale, brown 2 

Coal 2 8 

Shale 1 

Coal 8 

Shale, dark brown, carbonaceous 3 

Shale, sandy 2 6 

Sandsione, grading above into clay, buff 17 6 

Shale, chocolate brown 6 

Coal 10 

Shale, chocolate brown 6 

Coal 1 6 

Shale, chocolate brown 2 

Coal 3 2 

Shale 1 

Coal 1 a 
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Feet. Inches. 
Shale, brown and buff 2 6 

Shale, dark colored 11 8 

Shale, blue 5 9 

Sandstone, buff 49 G 

Coal : 4 

Shale, sandy 11 

Sandstone , brown 4 

Shale, dark colored 10 

Coal 1 8 

Sandstone, buff, coarse 3 3 

Sandstone, fine-grained, to river level 8 10 

584 

The upper 183 feet of the above section, or all that portion above 
coal bed R, belongs to the upper member of the Fort Union. 

These sections, taken from widely separated localities, show that 
this formation is composed of alternating beds of sandstone and 
shale with occasional beds of coal. The top of the Fort Union is 
formed of a rather hard sandstone 80 to 100 feet thick. This sand- 
stone appears as the topmost layer in many of the high buttes of 
Billings county, as in Bullion, Sentinel, Flat Top and Black buttes. 
(Plate VIII, Fig. 1.) It forms vertical cliffs about their summits 
and huge blocks and masses breaking off from time to time accumu- 
late at the base of the cliffs in great talus heaps. On Sentinel 
Butte and in White Butte the Oligocene beds are seen resting di- 
rectly on this uppermost sandstone of the Fort Union. The base of 
the middle member appears along the Little Missouri river in the 
vicinity of Yule and for four or live miles below. The light colored 
beds forming the middle portion of the Fort Union are here seen 
resting on the dark, somber beds of the lower member. 

Thickness of the Fort Union formation. The thickness of the 
upper tW'O members is not far from 1000 feet. In Sentinel and Bul- 
lion buttes, where the entire thickness of the upi>er division occurs, 
it measures about 500 feet, and the thickness of the middle portion 
is approximately the same. In tlie Tepee ]>utte section 400 feet 
of the middle beds are exposed above tlic river, and tlie l>asc of the 
section is believed to be not far from 100 feet above the bottom of 
the light gray and hufY beds. Including the dinosaur-bearing beds 
the total thickness of the Fort Union is about 1000 feet. 

As previously stated, the Fort Union contains a flora of nearly 
400 species and a fauna comprising shells and reptiles. The fossil 
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plants collected in the area under discussion were found mostly in 
the middle member of the formation and came from widely scat- 
tered localities. The following are a few of the species occurring 
in the Fort Union beds :^ 
Elk creek, near the Stone ranch. 

Equisetum sp. 
Mouth of Deep creek. 

Viburnum Kczvbcrrianum Ward. 

Viburnum asperum Ncwb. 
Cedar canvon, two miles southwest of Medora. 

Sequoia Nordcnskioldi Heer. 

Populus cuncata Newb. 

Uhnus planeroides Ward. 

Populus Richardsoni Heer. 

Populus amblyrhyncha Ward. 

Sapindus grandifoliolus W^ard. 

Viburnum antiquum (N"ewb.) Hoi. 

Populus daphnogcnoides Ward. 

Populus glandulifera Heer. 

Plancra microphylla Newb. 

Car piles n. sp. 

Taxodium occidentale Newb. 

Diospyros brachyscpala Al. Br. 
Divide between Magpie creek and Knife river. 

Taxodium oceidcntale Newb. 

Ptcrespcrmites Whitei? W'ard. 
T. D. ranch, at mouth of Beaver creek. 

Viburnum N ewbcrrianum Ward. 
One mile above Mikkelson. 

Diospyros — may be D, Heoidea Lesq. or new. 
Near mouth of Bear creek. 

Populus cuneata Newb. 
One mile south of McKenzie county line in bluffs of Little Missouri. 

Platamis nobilis Ncwb. 

Viburnum antiquum (Newb.) Hoi. 

Viburnum Whympcri? Heer. 

Coryhis rostrata? Ait. 
Custer Trail ranch, near Medora. 

Aspleniuni tcncrum. 



» Identified by I">r, F. H. Knowlton. 
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Niear the base of Black Butte, and probably in the upper member 
of the formation, Mr. Earl Douglass collected the following plants, 
which were identified by Dr. F. H. Knowlton: Asplcnium (a fern), 
Equisetiim (horse-tail), Populus (poplar), Thuja (arborvitae), 
Celastrus (bitter sweet) and others. 

Thirteen species of fresh water shells have been collected in the 
Fort Union beds of Billings county, and these were identified by Dr. 
T. \V. Stanton. They comprise the following: 

Near mouth of Bear creek in section -1, T. 1^37, R. 10*2. 

Corhiila mactriformis M & H. 

Unio prisciis M. & II. 
Near the Moore ranch on Beaver creek, section ')*3, T. 144, R. 103. 

Campcloma prodncta White. 

I'h'iparus retiisus M & H. 

I'k'iparus Icai M & II. 

Tliamnastus limnaciformis M. & H. 
About 3 miles below Mikkelson. 

Campcloma muUilincata M & H. 
Near the mouth of Beaver creek. 

Corbula mactriformis M. & H. 

Viz'ipanis trochiformis M. & H. 

Viznpariis Icai M. & H. 

Viznparus retusus M. & H. 

Thanmastus limnaciformis M. & H. 
Near old Wcidman ranch on Beaver creek, section 15, T. 144, 
R. 103. 

Campcloma mnltiliucata y\. & H. 

Campcloma prodncta White. 

I'ii-iparus Icai M. & H. 

Vivipanis trochiformis ]\I. & II. 
Young ranch on Little Missouri river, section Tl. T. 1 13, R. IOC. 
20 fc^t above upper coal l>cd. 

Campcloma miiltilincata ^I. & II. 
Roosevelt's old Elkhorn randi, section 33, T. 114, R. 102. 

Sphacrium formosum M. & H. 

Bu linns langinscnhis M. & II. 

Micropyrgus minutulus M. & II. 

J^ivaparns trochiformis M & H. 

Vimparus rctusiis M. & H. 

Hydrobia sp. 
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Section 9, T. 144, R. 102, northern Billings county. 

Unio sp. 

Campeloma? sp. 
The remains of vertebrates are rare except in the lower Fort Union- 
Several years ago a few bones were discovered in this formation by 
Mr. Charles Foley on the divide north of Andrews creek, in the 
southwest quarter of section 8, T. 140, R. 103. In company with 
Mr. Foley this locality was visited by A. C. Peale, F. H. Knowlton 
and the writer, and fragments of bones were collected in a black 
shale 30 feet above the base of the upper member of Fort Union. 
These were identified by Mr. J. W. Gidley as the bones of fishes, 
turtles, and the aquatic reptile Champsosaurus laramicnsis. What 
is probably the same species was found by Mr. Barnum Brown in 
the Hell Creek beds of Montana associated with dinosaurs, and also 
in the overlying strata which correspond to the upper portion of the 
somber ibeds, or lower Fort Union of this report. 

WHITE RIVER FORMATION. 

The beds of this formation, which belong to the Oligocene, are 
confined to two small areas, one in southern Billings county in the 
vicinity of Sandcreek Post Office, the other on Sentinel Butte. In 
the latter locality they rest directly and conformably upon the thick 
sandstone which forms the top of the Fort Union. The beds occur 
onlv on the northern end of Sentinel Butte and their maximum 
thickness is not over 40 feet. (Plate VIII, Fig. 1.) They are 
clearlv the remnants left bv the erosion of a thicker and more ex- 
tended formation which doubtless once covered a large area in 
this region. Where the strata are exposed in a low mound near the 
northwestern edge of the butte they are seen to be composed of 
light gray calcareous clay or marl, which contains, toward the top, 
beds of a nearly white, compact limestone. This limestone breaks 
readily into thin layers one-eighth to one-quarter of an inch thick, 
and some of the thicker layers become siliceous toward the center. 

In one of the upper beds of this limestone are found the remains 
of two species of fresh water fishes. These fossil fishes were first 
discovered on Sentinel Butte by Dr. C. A. White, who visited the 
locality in 1882, and published an account of the deposit contain- 
ing them.^ They were described by E. D. Cope as belonging to 
a new genus and were named by him Plioplarchus IVhitci Cope and 
PliopJarcInis scxspinosus Cope. 



>Amcr. Jour. Sci., June, 1883, Third Scries, Vol. XXV, pp. 411-416. 
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Since the fishes were not closely related to any previously de- 
scribed they did not serve to indicate the age of the beds in which 
they were found, but upon stratigraphic grounds Dr. White referred 
the strata to the Green River group of the Eocene, though he was 
by no means confident that this was their true position. In the light 
of more recent discoveries it seems much more probable that these 
beds on Sentinel Butte belong to the White River division of the 
Oligocene. It is now known that less than forty miles to the south- 
east are other deposits which rest directly on the upper sandstone 
of the Fort Union and which arc known from their fossils to be- 
long to the White River group. On the other hand, no beds of the 
Green River group are found any nearer than southwestern Wyom- 
ing and it is not at all likely that they ever extended this far north 
and east, while the White River beds cover considerable areas in 
South Dakota and Montana. 

It is strange that these beds are entirely absent from the other 
high buttes of this region, although they are capped with the upper 
sandstone of the Fort Union and search was made for them on 
Bullion, Flat Top and Black buttes. The extensive erosion to which ' 
this region has been subjected during many ages and which is 
known to have removed at least from 800 to 1,000 feet of strata 
over a large area, has left only a few remnants of the White River 
deposits. 

In the vicinity of Sandcreek Post Office, in southern Billings coun- 
ty, the beds of this group cover an area from eight to ten square 
miles in extent which occupies the highest part of the divide between 
the headwaters of the North Fork of the Cannon Ball river, and 
Deep and Sand creeks. They form the conspicuous, snow white ele- 
vations, known as White Butte or Chalk Butte. (Plate IX, Fig. 1.) 
Erosion has here left two narrow ridges about two miles apart, ex- 
tending nearly north and south, the western three miles long and the 
eastern less than two miles in length, with a general elevation of 
300 to 400 feet above the surrounding plain. Three miles to the 
west, on the opposite side of the valley of Sand creek, Black Butte 
rises 450 feet above the creek, being capped by the same sandstone 
as that forming the top of the other high buttes of the region. But 
the beds of the White River group arc wanting on Black Butte, 
although occurring at a considerably lower level only three miles to 
the east. In White Butte they are, however, found resting directly 
on the thick upper sandstone of the Fort Union, which outcrops at 

— 5— 
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several points near the base of tlie western slope of the western ridgc 
and also at its northern end. (Plate VIII., Fig. 2.) This sandstone 
here dips strongly to the east so that within a distance of three miles 
its dip carries it from the top of Black Butte to the base of the ridge 
on the opposite side of the valley, where it is over 200 feet lower. 

The following is a general section of the White River beds as they 
occur in White Butte : 

White Butte Section. 

Feet Inches 
11. Sandstone, rather fine-grained, light greenish gray 
in color, weathering into a greenish sand; to 

top of White Bulle 105 

10. Clay, gray to light greenish color 20 to 25 

0. Clay, hard and compact, calcareous, light gray, al- 

most white; forms hard ledges which make low 
vertical cliffs towards the top of the butte, and 
weathers very irregularly 34 

8. Clay, dark gray, calcareous; the line of separation 
between this clay and No. 7 is sharp and dis- 
tinct, the clay being considerably darker than 
the underiying sandstone 46 

7. Sandstone, light gray, rather coarse-grained 20 

C). Sandstone, very coarse-grained and pebbly; in 
places the pebbles are so abundant as to form a 
conglomerate. Shows cross-lamination. Peb- 
bles composed of quartz, silicificd wood, many 
varieties of igneous rock, among which por- 
phyry is common, etc. Pebbles range in size 
up to 2 and 3 inches in diameter 2C 

5. Clay, very light gray, slightly sandy 5 

4. Sandstone, light gray, very fine-grained and ar- 
gillaceous 5 4 

3. Clay, light gray to white, slightly darker than No. 

2 ; contains some fine sand 10 6 

2. Clay, very white and pure C 6 

1. Clay, white, containing some fine sand, hard and 

very tough when dry; rests directly on the 
sandstone of the Fort Union 14 4 

298 

In No. 8 of the above section was found the skull of an extinct 
species of ruminant, Eporeodon major (?). w^hich is found in the 
Oreodon beds of the Oligocene.^ 



'Identified by Mr. J. W. Gidley. 
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Fig. :. The pebbly sandslone of the lower member of the White Kiver beds c 
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It will be seen from the section just given that the White River 
group is here composed of white clays at the bottom, on which rest 
a^ coarse sandstone which in. places is filled with large pebbles; this 
is overlain by about 100 feet of calcareous clays w^hich in turn are 
overlain by more than 100 feet of fine-grained, greenish sandstone. 
(Plate X, Figs. 1 and 2.) 

These deposits represent all three divisions of the White River 
group, the lower or Titanothcrium beds, the middle or Oreodon beds, . 
and the upper or Protoceras beds. In the foregoing section Nos. 
1 to 7 probably belong to the lower, Nos. 8 to 10 to the middle, and 
No. 11 to the upper division. 

From the middle and upper horizons Mr. Earl Douglass in the 
summer of 1905, collected many fossil mammals.^ Among these 
were the remains of many rhinoceroses, including very complete 
skulls, and several three toed horses. The remains of crocodiles 
were also found. The rhinoceroses belong to the species Acerath- 
crium tridactylum Osborn and the horses to the tw^o species Mesohil?' 
pus bairdi (Leidy) and Mcsohippus hrachystylusf Osborn. 

It w^as undoubtedly this same White Butte area which was discovered 
by Professor E. D. Cope in September, 1883. The discovery was an- 
nounced in a letter written from Sully Springs, Dakota, and read be- 
fore the American Philosophical Society.^ 

The following is a portion of this letter: "I have the pleasure 
to announce to you that I have within the last week discovered the 
locality of a new lake of the White River epoch, at a point in this 
Territory nearly 200 miles northwest of the nearest boundary of the 
deposit of this age hitherto known. The beds, which are unmistak- 
ably of the White River formation, consist of greenish sandstone 
and sand beds of a combined thickness of about 100 feet. These 
rest upon white calcareous clay, rocks, and marls of a total thickness 
of 100 feet. These probably also belong to the White River epoch, 
but contain no fossils. Below this deposit is a third bed of drab 
clay, which swells and cracks on exposure to weather, which rests 
on a thick bed of white and gray sand, more or less mixed with 
gravel. This bed, with the overlying clav, probably belongs to the 
Laramie period,' as the beds lower in the series certainly do. 

The deposit as observed does not extend over ten miles in north 
and south diameter. The east and west extent was not determinea.'' 

Then follows a list of 20 species of vertebrates which w^ere col- 

^ Annals of the Carnegie Museum, Vol. IV', Nos. TIT and IV, 1908, pp. 265-271. 
«Proc. Araer. Philos. Soc, 1883, Vol. 21, pp. 216-217. 
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lected from this locality, including two species of fishes, tortoises 
(Trionyx), rhinoceroses and several Oreodons. The white calcare- 
ous clay below the upper sandstone is now known to carry fossils 
and the sand below this clay is also probably to be included with the 
White River group, as already indicated on a previous page. Pro- 
fessor Cope, in common with other geologists at that time, regarded 
the underlying beds as belonging to the Laramie, but as already 
stated, they are now on the basis of their plant remains known to 
be Fort Union in age. 

Mr. Douglass in 1905 discovered another deposit of White River 
beds about 30 miles north and east of White Butte, in Stark countv. 

The area, which is known as the ''Little Bad Lands," lies some 12 
to 16 miles southwest of Dickinson. All three divisions of the White 
River group are here present and a number of mammalian remains 
were collected. The n<?arest White River areas to the south are those 
mentioned by Professor J. E. Todd as occurring in northwestern 
South Dakota in the Cave Hills and Slim Buttes. The former lo- 
cality is only about 35 miles from White Butte. 

These Oligocene beds are believed to be in part lake deposits and 
in part river deposits. The lack of uniformity, the cross-bedding, 
and the coarseness of the materials of some portions of the formation 
seem to be the result of deposition through river action. Other 
portions were apparently laid down in the more quiet waters of a 
lake. It is not possible to determine at the present time whether the 
beds of the three North Dakota areas were deposited in one large 
lake covering a considerable tract in Billings and Stark counties, 
or whether they were accumulated in several small lakes. After 
their formation they were subjected to great and long continued 
erosion, which has removed all but these few small remnants of the 
Oligocene beds. 

During the summer of 1905 Mr. Earl Douglass spent some time 
in the White Butte region making collecti6ns for the Carnegie 
Museum at Pittsburg. Through the kindness of Dr. W. J. Holland; 
Director of the Museum, and of Mr. Douglass, the writer was allow- 
ed to read the report in manuscript giving the results of the investi- 
gations, and wishes to express his great appreciation of the cour- 
tesy thus extended. 

Mr. Douglas made a more detailed section of the White River 
beds than that given on a previous page, in which he includes lists of 
the mammalian remains discovered by him. This section is quoted 
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from his report, soon to be published by the Carnegie Museum. It is 
made from the eastern slope of the eastern portion of White Butte, 
and extends from one of the lowest exjx)sures to the base of the up- 
per division of the White River group. 

Section of White River Beds at White Butte. 

9. Gray sand, probably with a mixture of vol- 
canic ash 6 ft. 

8. Clay or other fine material 3 ft. 

7. Cream colored fine sandy clay 1 ft. 

6. Nodular "Oreodon beds" — clay gray to light cream- 
colored on surface, darker cream-colored inside. 
Nodules brownish, cellular, sometimes containing 
bones, especially in lower portion. Beds sparingly 
fossiliferous from top to bottom. I c tops, Ischy- 

ramys, Palaeolagus , Merycoidodon culbertsoni, 
Leptomeryx evansi, Mesohippus, Hyracodon, 

Aceratherium , etc 35 ft. 

5. A band of rock which weathers gray on the sur- 
face, becoming more nearly cream-colored toward 
Middle White the top, at the base of the Oreodon beds. Some 

River. thin layers arc very compact. Bones black. 

Merycoidodon , etc 15 ft. 

4c. A mixture of hard and soft rock (siliceous clay) 
weathering into tough, compact masses. 

h. Tough rock with one seam containing nodules of 
barite. 

a. Rock, white or gray at the bottom, with imperfect 
horizontal fractures or division planes. ..25 to 30 ft. 

3. Yellowish sand with fine and coarse grains mixed 
with clay and having a slightly saline ( ?) taste. 
White on weathered surfaces. When the coloring 
matter and the fine clay are washed out it leaves a 
very clean sand, composed principally of clear 
quartz grain*;, which have been imperfectly rounded 
by the action of wind or water ."^O ft. 

2. Thinly and horizontally laminated clay and fine 

grit. The lighter laminae are light gray, the darker 

of a bluish tint. The^e laminae alternate irrcj^ularly 
on the weathered surface; they also unconformably 

overlie the l)rcnvni';h sand beneath. At the bottom 
of a trough-like depression there are two or three 
thin bands of iron-stained material about % inch 
in thickness. In tracing tliis upward it was some- 
times laminated and sometimes massive. Part of it 
is gray sandstotie, and the structure makes it ap- 
pear as if part of the mass had been deposited in 
an uneven surface of the other portion. Scattered 
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over the surface of the darker gray portion are 

fragments of petrified wood; rounded pebbles of 

Lower White white quartz; granite; granitic rock without mica; 

River. gray, bluish-gray, browq, and reddish quartzite of 

compact texture; and gray, brown, reddish, pur- 
plish, and bluish cellular pebbles, some of which 
look like volcanic material, but are mostly granular 
rock, some of the crystals of which have been dis- 
solved. There fragments vary in size from that of 
fine sand to large pebbles, some of which are six 
inches in diameter. There are also flat, flinty frag- 
ments which contain impressions of plants... 35 ft. 

I. Lowest exposure found at this place. A brownish- 
gray iron-stained, homogeneous sand with small, 
brown concretionary masses. Upper surface not 
level, but having depressions filled with No. 2. 5 ft. 

Total thickness of section, 210 ft. 

Another section from another locality on White Butte partly sup- 
plements the one just given as it extends upward through the Up- 
per White River beds. Its lowest member corresponds with No. 5 
of the preceding section, beginning with the top of the Titanotherium 
beds and extending upward through the Oreodon and overlying 
beds as high as they are exposed at White Butte. 

Section of upper portion of western ridge of White Butte. 

13. -Green sand, mostly unconsolidated, gray sand, 

shale, and fragments of bones 18 ft. 

12. Green sand. Fragments of bones of Rhinoceros, 
etc 8 ft 

II. Green sandstone, unequally hardened so that it 
contains irregular cavities (weathered pits) and 
root like rods 8 ft. 

10. Green sand with some nodules, gray on surface 

near top 38 ft. 

9. Gray shale, hard in places, sometimes greenish in 

Upper White color. Bones of Rhinoceros 24 ft. 

River. 8. "Rubbly sandstone in rounded egg-shaped 

forms 4 ft. 

7. Harder sandstone than No. 6 5 ft. 

G. Fine greenish sand and clay, in one stratum 
cracking vertically. Some imperfect horizontal 

parting planes 12 ft. 

o. Green sand with sandstone concretions...... 6 ft. 

4. Green and gray clay shales C in. 

3. Fine gray sand, with some clay. Mcrycoidodonts, 
Hyracodonts, Mesohippxis, etc 12 ft. 
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2. Pinkish-gray clay with brown cellular nodules. 
"Oreodon Beds" Ictops, Gymnoptychns, Eumys , 
Ischyromys , Palacolcgus , Mesohippus, Hyraco- 
don, Aceratlierium, Merycoidodonts, Lepto- 

meryx, etc 32 ft. 

Middle White 1. Tough sandy clay with appearance of stratification, 
River. without brown nodules, but containing a few re- 

mains of Mcrycoidodonts, Probably belongs to 

"Oreodon" horizon 6 to 8 ft. 

Total thickness of section 163 ft. 

Total thickness of beds at White Butte about 320 ft 

The Oreoclon beds have nearly the same appearance wherever 
exposed but the overlying^ beds are more variable, and probably no 
two sections would be just alike. The Oreodon beds at White 
Butte are not rich in mammalian remains, and most of the fossils 
are fragmentary, thoug^h in one place three skulls with portions of 
skeletons of Merycoidodon, and a skull with part of a skeleton of 
Ictops were found. In No. 3 of the last section, portions of skulls of 
Mcrycoidodonts were obtained but probably of different species from 
that .of the nodular beds. No. 5 contains many remains of rhinoc- 
eroses. Two good skulls were found which have been referred to 
Aceratherium tridactylum. Some fragments of bones and teeth of 
reptiles and mammals, including jaws of rodents and the tooth of a 

crocodile were found in No. 6. Fragments of bones were found in 
most of the higher horizons. 

ALLUVIAL DEPOSITS. 

The youngest of the formations occurring in southwestern North 
Dakota are the recent alluvial deposits of the stream valleys. They 
are of comparatively small extent, although along the Little Mis- 
souri river and some of the larger streams extensive flats or low ter- 
races are covered with sediment laid down during^ times of flood. 
These deposits, composed of sand and sandy clay form the rich soils 
of the valley bottoms. The strip of alluvium along the Little Mis- 
souria varies in width from one-half to one mile and more. It is 
widest where large tributary valleys join the main one. 

Billings and Bowman counties were not affected by the contin- 
ental ice sheet which covered the greater portion of the state and 
left behind the drift deposits. No glacial materials are found in this 
region. 
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STRUCTURE. 

The geological structure of the region under discussion is very 
simple, the beds being nearly horizontal over most of the area and 
having undergone little folding since their deposition. Reference 
has already been made on a previous page to the anticline which has 
brought the Pierre shale to the surface in northwestern Bowman 
county. 

This anticlinal fold is (probably a continuation of the one so well 
shown on the Yellowstone near Glendive, the axis of which has a 
trend S. 38 degrees E." As a result of this disturbance the strata over 
a large territory have be.en slightly tilted and given a gentle dip 
toward the north and east. As might be expected, this dip is not 
uniform over the entire region, but is greater in some olaces than 
others. Thus the average dip between Marmarth and Sentinel 
Butte is approximately 20 feet to the mile, while for several miles 
on Little Beaver creek the dip is 50 feet per mile, and in the vi- 
cinity of Yule there is also a dip to the northeast of 50 feet to the 
mile. At Marmarth the base of the somber beds is not far from 
2,600 feet above sea level, and at Sentinel Butte the top of the mid- 
dle series of the Fort Union lies 2,840 feet above sea level ; in other 
words the same strata are nearly 850 feet lower at Sentinel Butte 
than at Marmarth. From Sentinel Butte to Medora there is a dip 
toward the east of 23 feet per mile, while from Bullion Butte to 
Medora the dip toward the north is 16 feet to the mile. North of 
Medora the dip of the beds is considerably less, being not over 3 to 
5 feet to the mile on the average, and the strata are slightly un- 
dulating. 

The unconformity between the Fox Hills formation and the som- 
ber beds has already been mentioned in connection with those form- 
ations. It is well shown at two points on Little Beaver creek, in sec- 
tion 7, T. 132, R. lOG. Here the massive sandstone forming the top 
of the Fox Hills is seen to have undergone erosion before the de- 
position of the brown and black, hie^hly carbonaceous and argillace- 
ous sandstone, which shows cross-limitation in places. Some of the 
depressions of the former land surface have been eroded to a depth 
of 6 feet below the adjoining elevations. 

THE COAL DEPOSITS. 
CHARACTER AXD EXTENT. 

Almost the entire area under discussion is underlain bv workable 
beds of coal. The only districts where no coal is found are eieht or 
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ten townships in western Bowman county, and several town- 
ships in southwestern Billings county, where the barren 
somber beds occur at the surface. Outside these restricted areas 
it is probable that a hole put down in any portion of the region 
would strike one or more workable coal beds. 

The Little Missouri badlands afford exceptionally favorable op- 
portunities for the study of the coal deposits on account of the great 
number of outcrops, which make it possible to trace individual beds 
almost continuously over extensive tracts. It is thus possible to 
correlate and place in their relative positions in the vertical section 
coal beds which outcrop in widely separated portions of the field. 
The number of workable coal beds in southw^estern North Dakota 
is now known to be at least 21, not all of them being present at anv 
one point, but some occurring in one locality and some in another. 
They are distributed through from 1,000 to 1,300 feet of strata and 
range from 4 to 35 feet in thickness. The aggregate thickness of the 
coal in these 21 beds is 157J/2 feet. 

It was formerly supposed that the lignite beds were not of great 
extent and covered but comparatively small areas, one seam thin- 
ning out and being replaced by others at a different horizon. But 
the detailed work of the past two years has shown that some of 
the individual coal beds cover large areas. One, with a thickness 
varying from 5 to 16 feet, has a known extent of twenty miles in one 
direction and twenty-five in another, with an area of at least 500 
square miles, and probably much greater. Another bed of coal 
was traced 36 miles north and south and 24 miles cast and west, 
and while its known area as shown from outcrops is nearly 900 
square miles, it undoubtedly has an extent of 1.000 to 1,500 square 
miles. This coal bed, which had a thickness ranging from 9 to 15 
feet and over, has been largely burned out or removed by erosion, 
but still underlies a number of townships. Other beds of coal are 
much less persistent and tlic area covered by them is comparatively 
small. 

The coal beds vary in thickness from less than an inch to 35 fevt. 
There are at least (> which have a thickness of 10 or more feet and 
three which measure over 20 feet. The thickest is the 35-foot bed 
which outcrops on Sand creek : the r>acon creek bed is 30 feet and 
the Sentinel Butte bed is 21 feet tliick. Beds of coal from 1 to 8 
feet thick are common. 
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The coal of southwestern North Dakota, as of the rest of the 
state, is mostly a brown lignite with a decidedly woody structure, 
exhibiting clearly the grain of the wood and having the toughness of 
that material. It breaks or splits readily along the grain but is brok- 
en with difficulty in any other direction. Portions of flattened 
trunks and branches are often found in the beds, bearing a close 
resemblance to the original wood except for the brown color. The 
same bed is frequently more woody in some portions than others, 
being made up of alternating layers of tough brown lignite, and 
black, lustrous, brittle material. 

In one outcrop the sandy clay under the coal was filled with the 
roots of the trees which had formed the seam. These roots ran 
down into the clay three or four feet and some were several inches 
in diameter. They were largely changed to coal but still had the 
appearance of roots. 

In many of the beds the coal is cut by one or two systems of 
joints which are vertical, or nearly so, and from five or six inches 
to one foot and more apart. These joints are usually very clear cut 
and regular. On exposure to the air the lignite loses part of its 
moisture, begins to crack, and finally breaks up into small frag- 
ments. This change takes place much more readily in the coal of 
some beds than in that of others. A number of outcrops were ob- 
served in which the material must have been exposed for many 
months, but back several inches from the face the coal still had the 
appearance of being fresh and little affected by the weather. On 
the other hand, some beds after no longer period of exposure, show 
the effects of weathering for a distance of several feet from the sur- 
face. 

Many of the coal beds have been burned out over large areas and 
there are very few which have wholly escaped burning. Some were 
doubtless set on fire by man, others may have caught from orairie 
fires, but it seems probable that spontaneous combustion has been the 
chief cause. 

This burning of the coal beds has doubtless been going: on for 
many thousands of years, ever since the erosion of the overlying 
strata brought them near the surface or exposed them in the bluffs 
and buttes. Once started, the fire slowly smoulders and works its 
way back farther and farther from the outcrop, the overlying clays 
settling down as the coal is consumed and the cracks thus opened 
admitting fresh supplies or air. (Plate XI, Fig. 2.) Thus a coal 
•bed which is not too far below the surface may continue to burn 
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for a long period and instances are known where beds have been on 
fire for at least twenty years. It seems improbable that this coal 
can burn very far back from the outcrop when covered by any con- 
siderable thickness of shale or sandstone, for after the coal has been 
consumed these would settle down and occupy its place, thus shut- 
ting off the air and smothering the fire. It seems likely, therefore, 
that those beds of lignite which have burned out over many square 
miles must have been near the surface, as we find them today, 
when they were being consumed. 

The heat thus produced has changed the overlying clays, and either 
burned them to a red or pink clinker, or entirely fused them into 
slag-like masses. These clinker beds often have a thickness of forty 
to fifty feet and over and are a very conspicuous feature not only 
of the badlands, but of the upland prairie as well. In some instances 
where two coal beds are not over thirty or forty feet apart the 
clinker produced by each may form but a single layer, the entire 
thickness of intervening clays being burned. (Plate XL, Fig. 1.) 

ANALYSES. 

The following analyses show the composition of the brown lignite 
of North Dakota. The analyses were made under the supervision 
of N. W. Lord at the fuel-testing plant of the United States Geologi- 
cal Survey at St. Louis by F. M. Stanton, Chief Chemist: 





No. 1 


No. 2 


No. 3 


No. 4 


Moisture 

Volatile combustible 

Fixed carbon 


43.78 

26.07 

26.33 

3.82 

.61 


29.78 

32.31 

31.35 

6.56 

.88 


38.45 

28.02 

27.84 

. 5.69 

.54 


28.09 
37.78 
27.86 


Ash 

Sulphur 


6.27 
.72 . 



No. 1. The 35-foot bed on Sand creek, section 31, T. 135, R. 10], Bil- 
lines county. 
No. 2. The 21-fcot bed in Sentinel Butte. 
No. 3. The 9- foot bed mined at Mcdora. 
No. 4. Near Cartwright, McKcnzic county. 

Both ultimate and proximate analyses were made of the coal from 
three North Dakota mines with tlic following results:^ 

Brown lignite from Ix^high mine, Consolidated Coal Company, 
Lehigh. This sample consisted of run of mine, and was shipped 
under the supervision of M. R. Campbell, of the United States 

*Bull. No. 290, U. S. Geol. Surv.. pp. 135-139. 



76 



LIGNITE COAL 



Geological Survey. Two mine samples were taken at widely sep- 
arated points in the mine for chemical analysis. 



Air-drying loss 

« r Moisture 

E J Volatile matter 

g I Fixed carbon 

i I Ash 

f Sulphur 

t I Hydrogen 

g -{ Carbon 

■5 I Nitrogen 

^ I Oxygen 

Calorific value determined : 

Calories 

British thermal units . . . 



Mine samples 



35.60 
42.06 
24.55 
25.73 
7.66 
1.13 



3421 
6158 



I 



33.90 
42.81 
26.84 
23.93 
6.42 
.96 



Car 

sample 



10.40 

32.64 

29.19 

26.75 

11.42 

3.54 

6.15 

39.53 

.49 

38.87 

3872 
6970 



Brown lignite from mouth of Cedar Coulee, four miles southeast 
of Williston, furnished by the engineers of the United States Re- 
clamation Service. This sample consisted of run-of-mine coal. 
Mine sample was taken from this mine for chemical analysis. 




Car 

sample 



Air-drying loss 

i f Moisture 

6 J Volatile matter 

g 1 Fixed carbon 

<£ Li Ash 

f f Sulphur 

*! I Hydrogen 

g •( Carbon 

'B I Nitrogen 

^ [^ Oxygen 

Calorific value determined : 

Calories . . .• 

British thermal units . . . 



33.10 
41.13 
27.17 
26.34 
5.36 
.72 



3603 
6485 



17.30 
36.13 
29.28 
29.55 

5.04 
.59 

6.60 

42.00 

.73 

45.04 

4070 
7326 



Brow^n lignite from the Wilton mine, Washburn Lignite Coal 
Company, one mile east of Wilton. This sample was made up of 
lump lignite and was shipped under the supervision of M. R. Camp- 
bell, of the United State Geological Survey. The mine samples 
were taken at widely separated points in the mine for chemical 
analvsis. 
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Mine samples 



Air-drying loss . . . . 

i f Moisture 

E J Volaiile matter 
Fixed carbon . 



K 

O 



E 



j Ash 

f / Sulphur 

I Hydrogen 

-{ Carbon 

I Nitrogen 

'-' i^ Oxygen 

Calorific value determined 

Calories 

British thermal units . 



I 




3G1»1 
<3G44 



Car 
sample 

1-2.70 

:31.I)J 
24.37 

^ •* •» 

t . to 
1.15 
G.o4 

41.43 
1.21 

41.02 

3027 
7069 



The test of North Dakota lignite made at the Fuel Testing Plant 
of the United State Geological Survey at St. Louis to determine its 
value as a gas-producer fuel showed that it would be an ideal 
fuel for this purpose but for its tendency to clinker. It yielded a 
rich gas and not very much tar. 

DETAILED DESCRIPTION OF THE COAL BEDS. 

For the purpose of description the coal beds of the region may for 
convenience be divided into groups and these will be considered in 
the order of their occurrence from the lowest (oldest) to the high- 
est (youngest). There are five such groups, namely, (1) the Yule 
group, (2) Great Bend group, (.'>) Medora group, (1) Beaver Creek 
group, and (o) Sentinel B>utte group. (Plate XII.) Since the 
older beds occur in the southern part of ]^»illings county, our descrip- 
tion will begin with that district. 

vrLK (iKori* or co.xl ijeds. 

The coal beds belonging to this group are found in the vicinity of 
Yule, and are also exi)ose(l farther s^uth on luicon and Coyote 
creeks. All the beds included in this group occur in the somber 
beds formmg the lower member of the T^^rt Union formation. 

In following down the Little Missouri river from the southern 
boundarv of the area no coal is founcl until two or three miles below 
the mouth of Cash creek. Here, in the southwest quarter of section 
34, T. L3r), R. lOo, a coal bed (A) five feet thick outcrops in the 
steep bluff of the river. T).") feet above water level. So far as known 
this is the lowest workable bed outcropping anywhere in the region. 
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About two miles west of here the following section is exposed in 

some high buttes and ridges in the west half of section 3^, T. 135, 

R. 105. 

Feet Inches 

Clinker layer formed by burning of a coal bed 

Shale and sandstone, mostly light gray and buff 85 

Coal, with 6-inch clay seam one foot below top .. 5 6 

Shale and sandstone 25 

Coal 4 8 

Shale and sandstone, to river 130 

The upper of the three coal beds represented in the above section 
has been largely burned out in this vicinity and no measurement of 
it could be secured. The lower bed may be the same that outcrops 
two miles east of here, but this was not definitely determined. 

Three miles below the mouth of Cannon Ball creek, in section 16, 

T. 135, R. 105, no less than seven workable coal beds are exposed 

on the west side of the Little Missouri river. The section here is 

as follows: 

Feet Inches 

Coal 4 8 

Shale, with 8-inch coal seam 6 8 

Coal 4 3 

Shale and sandstone 75 

Bed F: Coal ' 8 to 9 

Shale and sandstone 40 

Bed E: Coal 3 

Shale and sandstone 20 to 30 

Bed D : Coal 2 to 4 

Shale and sandstone 12 

• Bed C: Coal .' 8 to 10 

Shale and sandstone 10 to 20 

Bed B: Coal 6 

Shale and sandstone, to river level 50 

Coal bed B of the above section does not appear in the river bluffs 
below this point and probably dips below water level near here. 
The upper two coal beds were not seen elsewhere and are too high 
to appear in the bluffs bordering the valley of the Little Missouri. 
The four remaining coal beds exposed in the foregoing section, 
namely, beds C, D, E and F, appear at a number of points along the 
river between section 16 and Yule. Thus bed C, which in most 
places has a thickness of ten feet, outcrops near water level in the 
southeast quarter of section 15, the southwest quarter of section 11, 
and the northeast quarter of section 12, all these outcrops being on 
the east (or south) side of the river in T. 135, R. 105. Where ex- 
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posed in section 13 the bottom of the coal is below water level and 
the dip of the beds carries this coal under the river, so that bed C 
is not exposed below this point. On the west side of the river, in 
the northeast quarter of section 10, T. 135, R. 105, the same ten- 
foot coal bed (C) occurs at an elevation of fifty feet above the river 
and outcrops at various points for over a mile along the valley of 
Deer creek, which enters the river at this point. The coal in bed C 
is of good quality and contains no clay seams. 

Beds D and E appear in the river bluffs almost continuously as far 
as the mouth of Bull Run creek, in section 3(5, T. 130, R. 105. Coal 
bed F appears at several points where the bluffs are high enough to 
reach that horizon, but south (^f Yule it has been largely removed 
by erosion over extensive areas. At the sharp bend one mile south 
of Yule, in the southeast quarter of SL^ction 3(), T. 130, R. 105, this 
bed is well shown toward the top of the river bluffs. Tn some places 
the coal is overlain by one to ten feet of clay, on wliich rest twenty- 
five to thirty-five feet of sand and gravel. In other places the gravel, 
locally hardened into a conglomerate lies directly on the coal. 

At Yule, in the bluffs of Williams creek, in section 25, T. 13G, 
R. 105, and section 30, T. 13G, R. 10 i, the coal bed F occurs at an 
elevation of 110 feet above the river and is six feet thick. It ex- 
tends up Williams creek four or five miles and is exposed in section 
16, T. 136, R. 105, where it has the same thickness. 

The beds in the vicinity of Yule have a marked dip to the north- 
east and this carries the coal beds down toward river level. Where 
the bed F appears in the steep bluff on the east side of the river, in 
section 29, T. 136, R. 104, it is eight feet thick and only forty feet 
above the river. The same bed is well exposed one mile northeast, 
in the southwest quarter of section 21, where the following section 
is found: 

Feet Inches 

Clay 7 

Coal 15 

Clay, brown, carl)onacooiis 9 

Coal, with one-inch clay scam 5 feet G inches above 

bottom 9 8 

Sand and clay, to river 43 

This bed again outcrops one and a half miles below here, in sec- 
tion 17. In the southern part of the section seven feet of coal are 
exposed above water level, but half a mile below this coal bed F 
disappears below the bed of the river and is not again seen. 
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The somber beds are well exposed on Bacon creek, near the south- 
ern border of Billings county, and the thick bed of coal outcropping 
on the latter creek occurs in these strata. The coal is exposed at 
the T Cross ranch, in the southern part of section 20, T. 133, R. 104, 
where it has a thickness of twenty-eight feet above the creek bed 
and the total thickness is said to be thirty feet. 

About seven miles south of here, on Coyote creek in Bowman 
county, in section 30, T. 132, R. 104, what is probably the same bed 
is found. Only twelve feet of coal are exposed at this point, the 
lower portion being covered by talus and deposit from the creek. 
Three miles west of the above outcrop a bed five feet six inches thick 
appears along the creek. The coal bed exposed on Bacon and 
Coyote creeks lies well toward the top of the somber beds and it is 
perhaps to be correlated with bed F, but this could not be deter- 
mined with any degree of certainty. 

THE GREAT BEND GROUP. 

The coal beds of this group occur along the Little Missouri river 
from the vicinity Yule to the north line of township 138, one mile 
above the mouth of Garner creek, although all the beds of the group 
do not extend the entire distance of nearly thirty miles. They are 
also found on Deep, Sand, Bullion and other creeks emptying into 
the river along this portion of its course. This group of beds lies 
in the lower le50 feet of the light colored, middle, division of the 
Fort Union, and just above the somber beds which contain the Yule 
group. 

Two miles east of Yule, on the east side of the river, in sections 
21 and 28, T. 13G, R. 104, two thick beds of coal occur in the upper 
strata exposed here, the section being as follows: 

Feet Inches 
Bed I : Coal at 200 feet above river 8 to 10 

Shale and sandstone 35 to 40 

Bed 11 : Coal 5>4 to 7 

Shale and sandstone, to river 160 

The lower of these two beds, H, outcrops below here in the north- 
east quarter of section 1 7, and the northeast quarter of section 9, of 
the same township and range. Several miles farther down the 
river, on the north side, in the northeast quarter of section 1, T. 136, 
R. 104, the following beds are exposed : 
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Feet Inches 

r Coal 8 

I Clay 1 4 

Bed I -! Coal 2 4 

Clay 3 

Coal 1 

Shale and sandstone 35 

Bed H : Coal 5 6 

Shale and sandstone 70 

Bed G: Coal, overlain by brown clay 4 6 

The two upper beds, H and I, appear again in section 5, T. 136, 
R. 103, where the upper is five feet thick and the lower six and a half 
feet. All three beds of this group are exposed in the bluff on the 
north side of the river in section 3, T. 136, R. 103, across from the 
J. H. Follis ranch. The section here is as follows : 

Feet Inches 

Bed I : Coal 8 8 

Shale and sandstone 10 

Bed H: Coal 5 2 

Shale and sandstone 55 

Bed G: Coal 5 6 

Shale and sandstone 80 

These beds are again exposed three miles below, in the east half 
of section 1, T. 136, R. 103, where, across from the Tyler ranch, 
the following section is well shown : 

Shale and sandstone 

Coal 

Shale 

Bed I : Coal 

Shale 

Bed H : Coal 

Sandstone 

Coal 

Shale 

Bed G : Coal 

Unexposed to river, about 70 

One-half mile north of this section and on the opposite side of 
the river only two coal beds occur, beds H and I having apparently 
become one by the thinning out of the intervening clay. The sec- 
tion here, near the north line of section 1, T. 136, R. 103, is as 
follows : 



Feet Inches 


25 




1 


6 


2 




11 


6 


4 


6 


5 


4 


7 


8 


1 


9 




6 


6 


10 
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Coal 

Shale and sandstone 



Feet Inches 
2 
20 



Beds H and I : Coal 17 G 

Clay 1 

Coal 1 3 

Clay : 3 5 

Coal 2 

Clay 4 9 

Coal 3 

Clay ! 20 

Coal 8 

Clay, brown , carbonaceous 27 

Bed G: Coal 5 6 

Shale and sandstone, to river , 35 

One mile southeast, in the southwest quarter of section 6, T. 13G. 

R. 102, the three coal beds are present, though the upper one, I, 

has been burned out in the face of the bUiff . The section here is * 

Feet Inches 

Clinker formed by burning of coal bed I 

Shale, buff 30 

Bed H: Coal 5 6 

Shale 10 

Bed G: Coal 7 8 

Shale and sandstone, to river 75 

One mile east, in the lower part of the Tepee Butte section, given 

on a previous page, the three coal beds each contain clay seams as 

shown in the following section: 

Feet Inches 

Coal 1 4 

Clay 3 

Bed I J Coal C 

Clay 6 

Coal 9 4 

Sandstone and shale 31 

' Coal 2 2 

Bed H J Clay 2 

Coal 2 8 

Sandstone and shale 22 

r Coal 10 . 

Clay 6 

Coal 1 6 

Bed G 4 Clay 2 

Coal 3 2 

Clay 1 

Coal 1 8 

Shale and sandstone, to river 85 
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A little over one and a half miles southeast of the above section, 
in the southwest quarter of section 9, T. 136, R. 102, and opposite 
the mouth of Sand creek, only the two upper coal beds appear. 
While the lower bed, G, may be present, it does not outcrop, since 
the strata forming the lower part of the bluff are largely unexposed. 

Feet Inches 
Bed I: Coal with 9-inch scam 5 feet above base.. 21 G 

Shale 22 

Bed H: Coal, with 3-inch clay parting 13 inches 

below top 10 

Shale and sand, mostly unexposed, to river 105 

It will be seen from the foregoing sections that there are three 
workable coal beds outcropping in the bluffs of the Little Missouri 
river for ten miles above the mouth of Sand creek, the upper (I) 
being the thickest and varying from nine to twenty-one feet. 

Bed H is exposed two and one-half miles below the mouth of 

Sand creek, in the northwest corner of section 11, T. 136, R. 102. 

The upper bed, I, is here represented by a layer of clinker formed 

by its burning, and fourteen feet below is the bed H, which shows 

the following section: 

Feet Inches 

Coal with 2-inch clay parting 2 feet below top 7 4 

Clay 2 4 

Coal 9 

Clay 3 3 

Coal ■ 3 2 

Clay 2 

Coal 1 9 

In section 2, about one-half mile below, in the bluff of the Little 
Missouri, the upper coal bed, I, lies 135 feet above the river and 
measures 11 feet 4 inches in thickness, while fortv feet below is 
the bed H, which is 5 feet 4 inches thick. These same beds appear 
in the following section, wdiich is found on the west side of the 
valley in the northeast quarter of section 36, T. 137, R. 102 : 

Feet Inches 

Sandstone, fine-grained, argillaceous, to top of bluff. 20 

Coal 3 4 

Sandstone, fine-grained, argillaceous 7 7 

Clay 1 

Coal 1 

Clay, gray 18 
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Coal 3 

Clay 3 1 

Coal 14 

Clay 3-4 

Bed I -i Coal 10 6 

Clay : 2 

Coal 5 1 

Shale 33 

Bed H: Coal 3 8 

Unexposed to river 24 

Coal bed H does not appear in the bluffs of the Little Missouri 
below this point, since the dip of the strata carries it below river 
level, and only one thick bed of coal (I) is present. But the beds of 
this group occur on Third, Second and Sand creeks, where there are 
many outcrops. 

All three beds of the Great Bend group appear on Third creek. 
The presence of the upper bed, I, is made known largely by the 
layer of clinker formed by its burning along the outcrop, this clinker 
horizon being traceable for many miles up the creek. The middle 
bed, H, outcrops in sections 33 and 35, T. 137, R. 101. In the 
former locality the section of the bed is as follows: 

Feet Inches 

Coal 6 

Clay 654 

Coal 7 

In section 35 the following section is exposed : 

Feet Inches 

Coal 8 3 

Clay 2 

Coal 2 

« 

The lower of the three coal beds, G, is well exposed in the cut 

bank on Third creek, in section 4, T. 136, R. 101, where the follow- 
ing section appears: 

Feet Inches 

Shale 15-50 

Coal 11/2-^1/2 

Shale 8-10 

Coal 10 

Shale 3 

Coal 3 6 

Unexposed to creek 7 
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The three coal beds in the above section are considered as be- 
longing to a single horizon (G), and they lie from thirty to forty 
feet below the middle coal bed of the group. 

Second creek empties into the Little Missouri river two miles 
below the mouth of Sand creek and thick beds of coal are well ex- 
posed in the valley. In a ravine tributary to the main valley, in 
the northwest quarter of section 12, T. 13G, R. 102, the following 

section appears : 

Feet Inches 

Bed I: Coal 12 3 

Shale 20 to 24 

One-half mile south of here in the southwest quarter of section 
12, T. 136, R. 102, at the J. D. Russell ranch, the lower of the beds 
occurring in the above section is well shown and is here represented 
by three coal beds, as follows: 

Feet Inches 

Shale 10 

Coal, with 2-inch clay parting 5 feet be- 
low top 21 8 

Clay 18 

Coal 3 8 

Clay 11 6 

Coal , exposed above creek 7 

It will be noted that the total thickness of the coal exposed in the 
above section is 32 feet 4 inches. The twenty-one-foot coal bed 
outcrops along Second creek for over a mile above this point. 

One-half mile east of Mr. Russell's house, in the southeast quar- 
ter of section 12, the upper coal bed (I), which is twenty-four feet 
above that just given, is well shown as follows: 



Shale, sandy 



Bed H 



Bed I 



Coal 
Clay 
Coal 
Clay 
Coal 
Clay 
G.al 



Feet 


Inches 


10 




7 


6 




3 


li 






(1 




^^'A 




5 


o 


10 



One and a half miles south of the Russell ranch, at the Geo. 
Clark ranch on the Dry Fork of Sand creek, in the west half of 
section 24, T. 130, R. 102, the following section is shown along the 
creek : 
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Feet Inches 

Shale 12 

Coal iy2 

Clay i 

Coal, with 1-inch clay parting 5 feet below top ; base 
of coal is at creek level 12 

Between one and two miles south of here, in the southeast quarter 

of section 2<], T. 136, R. 102, the following section is exposed : 

Feet Inches 

Shale 10-15 

Coal 8 3 

Clay 2 4 

Coal * 10 4 

Sandstone 3 

Coal , with 2-inch clay parting 5 4 

Shale , exposed to creek bed 6 

These are doubtless the same coal beds as those outcropping at 
the Qark ranch, except that at the latter place the lower coal does 
not show above the bed of the creek. At both localities the horizon 
represented is probably that of bed H. (Plate XIII., Fig. 2.) 

About one mile above the mouth of Dry Fork, in the northeast 
quarter of section 22, T. 136, R. 102, the bed I is exposed in the 
bluff bordering the valley. It is here 20 feet 3 inches thick and a 
section of the coal is as follows : 

Feet Inches 

Coal 7 3 

Clay 10 

Coal 9 10 

Clay 4 

Coal 2 

This coal is burned out extensively in the vicinity and is repre- 
sented by a thick layer of clinker. In the northwest quarter of 
section 2^2, T. 136, R. 102, at the junction of Dry Fork and Sand 

creek valleys, the following section occurs: 

Feet Inches 

Clinker layer, formed by burning of coal bed I 10 

Shale, gray, sandy 24 

Shale , brown 16 

Coal 2 4 

Bed H Clay 6 

Coal 2 8 

Unexposed to creek 90 

Both the upper and lower coal beds, H and I, appear on the west 

side of the valley of Sand creek, about three miles above its mouth, 
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Fig. 1. A dLstani vitw of ihe 30-fooi coal hti on S»iid tr«k. Photo by A. L. Fellow*. 
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in the southeast quarter of section 28, T. 136, R. 102. The section 
is as follows: 

Feet Inches 
Bed I: Coal 20 

Shale 15 

Bed H: Coal 7 8 

Unexposed fo creek 85 

Following up the valley of Sand creek there are few outcrops of 
these coal beds until the old Russell ranch is reached, in the north- 
east quarter of section 31, T. 135, R. 101. Here is exposed the 
thickest coal bed in North Dakota, so far as known, the section being 
as follows: 

Feet Inches 

Clay and sand wash 5-10 

Shale (Fort Union) 4-6 

Coal 3-4 

Clay VA 

Coal 35 

Clay, to creek bed 3 

The 35-foot bed is clean coal throughout, with no clay seams. 
(Plate XIV., Figs. 1 and 2.) It outcrops again on the creek one- 
half mile south, near the south line of section 31. This thick bed 
of coal has burned out extensively and was traced by its clinker 
horizon for many miles down the valley of Sand creek. There is 
little doubt that this 35-foot bed is the same as the upper bed (I) 
that outcrops on the creek seven or eight miles below, in section 28, 
T. 136, R. 102, where its thickness is twenty feet ; or it may be that 
the upper and lower beds, H and I, occurring in the lower course 
of Sand creek valley, have come together through the thinning out 
of the intervening clay, and that the 35-foot bed is formed by the 
union of beds H and I. 

There are several other coal beds in the Sand creek district which 
are above the three forming the Great Bend group, but which are 
mentioned here since they cannot be definitely correlated with the 
higher beds occurring elsewhere in the region. 

A coal bed five and a half feet thick outcrops on the creek at Sand- 
creek Post OflSce, near the east line of section 34, T. 134, R. 101. 
The following occur in Black Butte, where they are exposed near 
the east end, in a ravine in section 19, T. 134, R. 101. 
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Feet Inches 

Coal 5 1 

Clay 4 5 

Coal 3 6 

Clay U 

Coal 3 4 

This coal is in the upper, dark colored division o^ the Fort Union. 

Returning to the Little Missouri river, we will now trace the coal 
beds of the Great Bend group down the valley from the mouth of 
Third creek. At the sharp bend in the southwest quarter of section 
19, T. 137, R. 101, near Mr. German's ranch, the upper member of 
the group, bed I, outcrops fifty feet above river level. It has a thick- 
ness, here of sixteen feet, is overlain by twenty feet of sandstone, 
and contains several thin clay seams one or two inches thick. Less 
than one-half mile northwest of this outcrop the same bed is ex- 
posed in a ravine tributary to the river, the thickness of the coal 
here being 13J/2 feet, with a 2-inch clay seam 2^yi feet above the 
base. This bed can be traced in the bluffs bordering the west side 
of the Little Missouri valley, both by its occasional outcrops and by 
the thick layer of clinker formed where it has burned. At the ox- 
bow bend in section 3, T. 137, R. 102, the coal measures 13 feet and 
8 inches and lies 50 feet above the river, and its thickness at the 
mouth of Bullion creek is ten feet. Between four and five miles 
below the mouth of Bullion creek in section 18, T. 138, R. 102, the 
coal bed I is at water level and is 10 feet 4 inches thick. Two miles 
north of this point the northward dip of the strata carries this thick 
bed below river level and it does not appear again. * Its last outcrop 
in going down the river is near the north line of section 5, T. 138, 
R. 102, about three-quarters of a mile above the Harmon ranch. 
(Plate XIII, Fig. 1.) The section of bed I is here as follows: 

Feet. Inches. 

Shale, buff and gray 10-50 

Shale, carbonaceous, black' and brown 5 6 

Coal > 11 8 

Clav ^ 7 

Coal \. 8 

Clay \ 4 

Coal, bottom of bed several ii\chcs above low water 3 6 

Since the bed I is the highest of th^ Great Bend group, it follows 
that none of the members of that gmup is exposed north of the 
north line of T. 138, although they douP^U^ss extend many miles in 
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that direction below river level. Bed I outcrops at various points 
on Bullion creek for five or six miles above its mouth. In the 
southeast quarter of section 1, T. 137, R. 103, about one mile above 
its mouth, the coal is ten feet thick; near the east line of section 11 
it is nine feet ; in section 13, T. 137, R. 104, it is five feet ; and at 
the old Nollet ranch, near the east line of section 10 of the same 
township and range it has a thickness of five feet and lies 25 feet 
above the creek. No outcrops of bed I were seen west of this point, 
unless the coal exposed in the northeast quarter of section 9, and 
having a thickness of 2-6 to 30. inches, is this member, which grows 
thinner toward the west. In the northeast quarter of section 10 
a lower coal bed, possibly H, has been mined on a small scale. The 
coal lies two feet above creek level and a thickness of three feet 
is exposed, but the base of the bed is not shown. It is overlain by 
twenty inches of brown, carbonaceous clay. 

About one-half mile southeast of Alpha, near the center of sec- 
tion 33, T. 137, R. 104, a coal bed is well exposed on a short tribu- 
tary of the Little Missouri river. The section is as follows : 

Feet. Inches. 

Clay wash 3-6 

Clay, blue 2 

Clay, brown, carbonaceous 8 

Coal G 6 

Considerable coal has been mined here by the farmers of the 
vicinity, who work it by stripping off the cover. This coal probably 
belongs to bed H, which appears in the river bluffs several miles to 
the southeast. The former presence of a higher coal bed (I) in 
this district is evident from the burnt clay seen at many points. 

Coal is also exposed in several places in the vicinity of Burkey, 
where it outcrops on Bullion creek and its tributaries. In the south- 
east quarter of section 5, T. I.'IT, R. 105, seven feet of coal outcrops 
just above creek level, and the bottom of the bed is not exposed. 
The cover in ten feet thick, increasinj^ in thickness back from the 
creek. The coal has been mined here for a distance of sixty feet 
along its outcrop. In the northeast quarter of section S. what is 
probably the same bed has been mined at intervals for a distance of 
100 feet along the creek. The full thickness could not be deter- 
mined here, as the bottom of the coal is below the creek bed, but a 
measurement near by gave a thickness of 7 feet 3 inches. Coal also 
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outcrops two and a half miles east of Burkey, in the northern half 

of section 11, T. 137, R. 105, where the following section appears: 

Feet. 

Coal 5 

Clay 10 

Coal, exposed, but not the entire thickness 2^4 

It is evident from the foregoing detailed description of outcrops 
that the coal beds of the Great Bend group cover a large area. This 
is especially apparent in the case of the thicker upper bed, whose 
outcrops are distributed over a more extensive area than those of 
the lower members of the group. This bed, I, is known to extend 
from the southern boundary of T. 135 north tv^enty-four miles to 
the northern line of T. 138, and from the eastern edge of R. 101, 
west twenty-one miles to Yule. It covered an area of at least 500 
square miles and undoubtedly much more. It varies in thickness 
from five feet and less to thirty-five feet. 

THE MEDORA GROUP OF COAL BEDS. 

The members of this group outcrop along the valley of the Little 
Missouri river from the vicinity of Bullion Butte northward to the 
northern boundary of Billings county. The four beds which con- 
stitute the group have a vertical range of about 200 feet, the lower 
member lying some ninety feet above bed L The two middle beds 
appear in the river bluffs at Medora, whence the name of the group, 
and the thicker one is mined at thatpoint. The beds of this division 
have been designated in the vertical section by the letters J, K, L 
and M. Not only do these outcrop on the Little Missouri river, 
but they occur in the northv^estern part of the region, on Beaver 
and Elk creeks, and on Andrews creek near Sentinel Butte station. 

For convenience in description we will begin near Medora and 
trace the beds first south, and then north to the county line. 

The following is the section of the coal beds which are present 

in the bluffs at Medora: 

Feet. Inches. 

Shale 

Bed L: Coal ^ 4 6 

Shale and sandstone 31 

r Coal 2 

I Clay 2 

Bed K:-! Coal 8 

I Clay 3 

LCoal 11 

Shale and sandstone, to river 40 
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The lower coal, K, has been mined here for a number of years. 
From six to six and a half feet of coal are removed and the remain- 
der is left to form the roof of the mine. The entry of the present 
mine is about 100 feet long. This same bed was formerly mined 
extensively by the Xbrthern Pacific Railway Company, their oid 
workings being located on the west side of the river not far from the 
railroad bridge. 

About two miles south of Medora, in the steep bluff at the mouth 
of Sully creek, the beds K and L are both well shown. The lower 
(K) is here eighty feet above the river and is 83-2 feet thick, while 
forty feet above is the upper bed (L) with a thickness of five feet. 

The lower bed is exposed on Sully creek in the northwest quarter 

of section 2, T. 139, R. 102, where its thickness is nine feet, and it 

disappears below creek level near this point. Near the southern 

edge of section 1, T. 130, R. 102, the two higher beds of the Medora 

group appear in the side of the creek valley, the section being as 

follows : 

Feet. Inches. 

Shale and sandstone 

f Coal 3 2 

Bed M: -j Clay, brown and carbonaceous below ... 5 6 

[ Coal 4 4 

Sandstone, massive, with some shale above 60 

Bed L : Coal .5 

Qay, to creek bed 10 

The upper coal bed, M, is represented in many places by a single 
bed. 

In the bluflf of the Little Missouri river at the Custer Trail ranch, 

in section 10, T. 139, R. 102, the following; exposure occurs: 

Feet. Inches. 
Bed M : Coal 2^1. 

Shale and sandstone 30 

Bed L : Coal 4 

Shale and sandstone 45 

Bed K : Coal (S]A 

Unexposed to river 95 

One and a half miles south of here, in the northeast quarter of 
section 22, three coal beds are exposed in the river bluff, as follows : 

Feet. Inches. 

r Coal 1 6 

I Clav, brown " 6-11 

Bed K : ^ Coal 6 6 

I Clav , brown 1 

L Coal 6 
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Shale and sandstone 32 

Bed J: Coal 7 6 

Shale and sandstone 21 

Coal 4 

Shale and sandstone, to river 45 

The lowest coal bed of the above section does not appear else- 
where and is probably only a local seam. 

Bed K also outcrops in the northeast quarter of section 6, T. 138, 
R. 102, where it lies at an elevation of 125 feet above the river and 
is seven feet thick. About thirty-five feet above K is a bed three 
to four feet thick which is probably L. No more outcrops of these 
beds were observed in going up the river until Bullion Butte was 
reached. Here, in a ravine on the north slope, in section 12, T. 
137, R. 103, the following coal bed is exposed : 

Feet. Inches. 

Coal 4 4 

Clay 4 

Coal 3 10 

This coal lies about 180 feet above the river and probably is to 
be correlated with bed K of the Medora group. Five miles to the 
east, in the southwest quarter of section 2, T. 137, R. 102, what is 
doubtless the same bed occurs in the river bluff. It has a thickness 
of six to eight feet and is 200 feet above water level. In the divids 
south of Bullion creek, between the latter and the Little Missouri, 
there is a coal bed five feet thick which belongs to the same group. 
South of Bullion Butte and of the high divide just mentioned the 
members of the Medora group do not occur, since the surface of the 
plain is below their horizon. 

North of Medora these beds outcrop at frequent intervals for many 
miles along the valley of the Little Missouri. They are well ex- 
posed where the river swings against the bluff near the center of 
section 15, about two miles north of the railroad. Here the bed K 
is six to eight feet in thickness and lies fifty feet above the river, 
while thirty feet higher is the coal bed L with thickness of four 
feet. The two beds approach each other toward the north and 
northeast, and in the bluff in the northeast quarter of section 10 they 
are not over twelve feet apart. The lower outcrops on Knutson 
creek for about tw^o miles above its mouth, measuring 7^/2 feet in 
thickness. Both are well exposed on the river in the northeast 
corner of section 11, across from the Burgess ranch, where the fol- 
lowing section is well shown: 
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Feet. 

Bed L: Coal 4y2 

Shale and sandstone 11 

Bed K: Coal exposed above water level of the 

river, but extends below this 8 

These two beds outcrop across the river, in a cut bank on Pad- 
dock creek, in the northwest quarter of section 12, where only the 
upper foot or two of the lower coal is exf>osed, overlain by 12 feet 
of sandstone and clay and the o-foot upper coal bed. 

A short distance below the outcrop across from the Burgess ranch 

the two beds of coal dip below river level, but reappear again about 

two miles to the north, in the northeast quarter of section 32, T. 141, 

R. 101. Here, in the cut bank on the west side of the river, the 

following section appears : 

Feet. Inches. 

Clay 

Coal 2-4 

Clay V/2-2 

Bed L : Coal iy^-b 

Sandstone, firmly laminated, passing below into clay.. 8-10 
Bed K: Coal, only the upper part of the bed is 

shown here, and exposed thickness is 2 

For over ten miles north of this exposure these two beds are 
below the river, and no workable coal is present in the bluffs of the 
Little Missouri, but the beds K and L are probably not far below 
the bottom of the valley, for they again appear farther down stream. 

In the southwest quarter of section 11, T. 142, R. 102, the follow- 
ing section is well exposed in the steep cut bank on the east side of 

the river: 

Feet. Inches. 

Clay wash 4-G 

Clay , sandy 6-8 

Coal 1 

Clay 5 C 

Coal 3 

Clay , sandy 6 

r Coal 6 

Bed K : ■ Clay , sandv 3 6 

[ Coal . . . .' 6 5 

Clay exposed above river 1 

Total thickness of coal, 1(5 feet 5 inches. (Plate XV.) 
Three miles below, in the northern half of section 35, T. 143, 
R. 102, a coal bed sixteen feet thick outcrops on the river. (Plate 



94 LIGNITE COAL 



XVI., Fig. 1.) Less than one mile below, in the southeast quartfer 

of section 27, T. 14:3, R. 102, the following section is well shown: 

Feet Inches. 

Sandstone, fine-grained, gray and buff 10 

Sandstone, argillaceous, fine-grained and finely lamin- 
ated , contains many iron pyrites nodules 2 6 

Bed L: Coal 2 10 

Clay 10 

r Coal 3 4 

Bed K: \ Clay 10 

[ Coal 7 7 

Sandstone, argillaceous, fine-grained and l^iminated, con- 
tains many iron pyrites nodules and some carbonized 
roots running down from coal, exposed above river.. 4-5 

The three coal beds of the above section probably represent, as 
indicated, K and L, the clay separating the upper and lower coal 
having thinned to only ten inches and the lower bed (K) being div- 
ided by a ten-inch clay band. 

In the extreme northeast corner of section 21, T. 143, R. 102, less 
than two miles below the last-mentioned outcrop, the same beds are 
exposed in the river bluff, and a lower bed of coal appears, the sec- 
tion being as follows: 

Feet. Inchn,5. 

Sandstone 

Bed L: Coal 31 

Clay 10 

r Coal 3 2 

Bed K: { Clay 8 

[ Coal 6 8 

Sandstone, argillaceous, fine-grained 40 

Bed J : Coal , partly under water 3^-4 

The lower bed, J, is a lower coal which does not appear along the 

Little Missouri between Medora and this point, but which was traced 

from here to the mouth of Beaver creek. 

Continuing down the river one mile another good exposure of the 

coal beds is found in the steep bluff on the east side of the river near 

the west line of section 15, T. 143, R. 102 (Plate XVI., Fig. 2), the 

section being as follows : 

Feet. Inches. 

Shale and sandstone 

Bed K and L: Coal, with three clay partings 1 to 

3 inches thick in upper half of the 

bed 10 

Sandstone and shale 30 

Bed J : Coal ' 32-34 

Clay, exposed to water level 2-6 
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PLATE XV[ 
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The coal beds K and L, which have been approaching each other 
through the thinning of the intervening clay, here unite to form one 
thick bed with, however, several clay partings, which farther north 
thicken in places and split the coal into several seams. This is well 
shown in the northeast corner of section 17, T. 143, R. 102, where 
the same coal beds are well exposed, as follows: 

Feet. Inches. 

Sandstone , argillaceous 12 

Clay 3 

fCoal 2 

Clay 4 

Coal 8 

Bed K and L: i Clay 1 

Coal 2 

Clay 7 

, Coal 5 6 

Sandstone, massive, with some clay 30 

Bed J : Coal 32 

Sandstone and shale« to river level 30 

The upper coal with three clay seams corresponds to the ten-foot 
bed of the preceding section formed by the union of K and L. 

This same upper coal horizon outcrops in the river bluffs two 
miles to the north in the southwest quarter of section 33, T. 144,^ 
R. 102, across the river from Roosevelt's old Elkhorn ranch, the 
section here being as follows: 

Feet. Inches. 

Clay 

Coal 8 

Clay 1 

Be4 L : Coal 4 

Sandstone 

r Coal 
I Clay 



Bed K : -j Coal 



Clay 

LCoal 

Unexposed to river, about 



5 


6 




8 


3 


6 


1 




1 


6 


4 




50 





The lower bed is not exposed at this point. 

The splitting up of the coal into many beds by clay seams is well 
illustrated in this section. There is no doubt that this is the same 
horizon which both to the north and south of here is represented by 
a single thick bed of coal. 

Less than one and a half miles below the above outcrop, in the 
west half of section 27, T. 144, R. lt)2, the following section occurs: 
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Feet. Inches. 

Sandstone, massive 

f Coal 1 

I Clay 8 

Bed K and L: { Coal 3 

I Clay 15-40 

LCoal 15 

Sandstone and clay; sandstone massive, fine-grained 

and laminated 27 

Coal 6 

Sandstone 3 

f Coal 10 

Bed J : { Clay 8 

\ Coal, bottom of bed at river level 5 

The rapid variation in the thickness of the clay seams is well 
shown in this exposure, where within a distance of a few hundred 
feet the lower clay in the upper coal varies from fifteen to forty 
inches. 

About three miles to the north, in the southeast quarter of section 
9, T. 144, R. 103, the same two beds of coal appear as in the fol- 
lowing section : 

Feet. Inches. 

Shale and sandstone, to top of bluff 

Coal 26 

Shale and sandstone with several thin coal seams, 1 

to 3 inches thick 27 

Sandstone ledge 4-5 

Clay, sandy, with thin coal seam 2 

r Coal 5 8 

Bed K and L: j Clay d-lO 

t Coal 1 

Shale and sandstone 25 

Bed J : Coal 3 2 

Clay, to water level 20 

These coal beds outcrop again on the west side* of the valley, 
about one quarter of a mile south of the mouth of Beaver creek, in 
section (5. T. 144, R. 102. (Plate XVII., Fig. 2.) Here in the 
bluff of the river the following section is exposed : 

Feet. Inches. 

Shale and sandstone to top of bluff with several thin 
coal seams, about 150 

r Coal 7 10 

Bed K and L: -j Clav, passing above into coal 6 6 

t Coal 13-15 

Shale 15 

Coal 10-12 

Clay, blue 20 

Sandstone, fine-grained 10 

Bed J : Coal 3&-40 

Shale, to river bed 14 1 
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Coal on Beazer Creek. The two thick coal beds of the above sec- 
tion were traced up the valley of Beaver creek for a distance of four 
or five miles. They are exposed one mile above the mouth, in the 
southwest quarter of section 34, T. 145, R. 102, McKenzie county, 
where the following section appears : 

Feet. Inches. 

Sandstone 10 

Bed K-L: Coal 6 7 

Sandstone and shale 43 

Bed J : Coal 35 

Shale 8 

Sandstone, to creek bed 21 

Three miles above the mouth of Beaver creek, in the southwest 
quarter of section 2, T. 144, R. 103, there are several cut banks along 
the stream where the beds are well shown, as in the following sec- 
tion: 

Feet. Inches 

Sandstone and shale to top of bluff 35 

Coal 20-24 

Shale 18 6 

Shale, brown, carbonaceous 3 

Shale and sand 32 6 

Bed L: Coal 4 8 

Shale : 4 8 

Bed K: Coal 3 4 

Shale, passing into sandstone above ^^ 5 2 

Coal 15 

Shale, blue 6 (3 

Shal€, black, carbonaceous 

Coal 3 

Shale , sandy 8 

Coal 8 

Sandstone 15 <> 

Bed J : Coal 3 5 

Clay, to creek bed 1-2 

Beds K and L undoubtedly represent the single thick upper coal 
bed appearing on the creek two miles below and also at many points 
in the bluffs of the Little Missouri. The three thick coal beds of 
the above section also outcrop about one mile to the southwest, near 
the south line of section 10. where the lower coal (J) has a thick- 
ness of four feet. (Plate XIX., Fig. 1.) The exposure of the beds 
in a bluff on the creek near the north line of section 22, T. 144, 
R. 103, is as follows : 

—7— 
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Feet Inches. 

Sandstone , massive 65 

Bed L: Coal 2 3 

Clay. 1 () 

Bed K: Coal 2 4 

Clay, blue 3 2 

Clay, black, carbonaceous 8-10 

Coal 4 

Sandstone, passing above into shale 7 2 

Coal 1 6 

Clay ....; 8 

Coal 2 

Clay 1 

Bed J: Coal 5 6 

Clay 10 

Coal 8 

Clay, to creek level 1 

It will be noted that the lower coal bed (J) has thickened to- 
ward the south from 3 feet 5 inches in section 2 to 5J^ feet two 
miles distant. It does not outcrop on Beaver creek above this point 
but passes below the bottom of the valley, the rise of the surface 
carrying it above the horizon of this bed. On the other hand, the 
beds K and L have become thinner toward the south and the thin- 
ning of the intervening clay has brought them closer together. 

The section of the strata in the high bluffs near the so?uth line of 
section 22 shows a succession of beds quite different from anything 
seen below this point on Beaver creek. It is as follows : 

Feet. Inches. 

Coal 1 8 

Sandstone 10 

Clay, black and carbonaceous below, sandy above 5 

Coal : 3 

Clay, carbonaceous at bottom 2 

Coal 8 

Sandstone, stained with iron, with some shale 20 4 

Coal 2 

Shale 7 

Coal 1 3 

Clay t 2 6 

Coal , impure, clayey 1 8 

Shale , sandy 18 8 

Bed M: Coal 4 

Clay 4 3 

Coal , impure 2 

Shale, sandy, carbonaceous layer 4 inches thick near 
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Feet -Inches, 

middle 8 

Coal 2 10 

Clay * 4 6 

Coal 2 4 

Sandstone and shale 9 6 

Coal 1 6 

Sandstone and shale 17 4 

Bed K-L: Coal 4 4 

Clay 

Coal 6 

Clay, sandy 2 3 

Coal 10 

Clay and sandstone 6 

Coal 8 

Clay and sandstone to creek level IG 

It will be noted in the above section that there are fifteen coal 
beds outcropping in this bluff and ten of them appear in the accom- 
panying picture. (Plate XIX., Fig. 2.) There are only two, how- 
ever, beds K-L and M, which are of workable thickness. Of these 
two, the lower is believed to represent the beds K and L, it having 
been found that in places these approach each other and even unite 
to form a single bed. The upper of the two thick beds corresponds 
in position to the uppermost of the Medora group and is probably 
to be correlated with ooal bed M. The two thick beds shown in the 
above section and the three thinner ones between them outcrop above 
here at frequent intervals for a distance of about six miles in the 
bluffs bordering Beaver creek. 

They are well shown in the southeast quarter of section 32, T. 
144, R. 103, near the Moore ranch, where the following beds occur : 

Feet. Inches. 
Sandstone 4 3 

Coal 1 3 

Shale and sandstone 14 

Coal 4 

Sandstone , argillaceous 6 

Clay, black, carbonaceous 4 

Clay 5 6 

Coal 8 

Clay , sandy 5 

l^cd M : Coal 5 2 

Sandstone and shale 1(3 

Coal 1 4 

Sandstone and a little shale 21 
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Feet. Inches. 

Coal 2 

Sandstone .5 10 

Coal 2 

Shale 6 

Coal 2 

Shale 9 

Bed K-L : Coal, base at creek level 5 8 

The lower coal bed (K-L) outcrops on the creek in the northwest 
corner of section 6, T. 143, R. 103, where the base of the coal is 
below the bed of the creek, but it is not exposed along the valley 
above this point, since the coal passes below the bottom of the val- 
ley. But the uppermost member of the Medora group (M) is seen 
in the bluffs bordering the valley of Beaver creek as far as the Mc- 
Quillon ranch, in section 20, T. 143, R. 104. It will be mentioned 
again in connection with sections showing the coal beds of the 
Beaver Creek group. 

In the valley of Elk creek, a tributary of Beaver which enters it 
from the south in the southwest quarter of section 11, T. 143, R. 
104, only one workable coal bed is exposed. This is probably the 
one that appear fifty feet above creek level at the junction of Beaver 
and Elk creeks, and in that case is the upper member of the Medora 
group, or bed M. It outcrops in the northwest quarter of section 
1, T. 142, R. 104, where the following section occurs : 

Feet Inches 

Sandstone, massive, to top of bluff 20 

Coal 8 

Clay, blue 8 

Bed M: Coal 4 6 

Clay 6 

Coal 4 

Sandstone and shale above creek bed 25 

Where the coal bed M outcrops in the northwest quarter of section 
14, T. L42, R. 104, it is six feet thick and one mile west it measures 
five feet ten inches. It is this bed which is mined near the old 
T D (now the Wilson) ranch, the mine being in the northwest 
quarter of section 21, T. 142, R. 104. The base of the coal does 
not show here, but it is at least five feet thick. The mine is in the 
bottom of the valley of Elk creek and the coal is obtained by strip- 
ping oflF the cover, which is here only a few feet thick. 
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Near the J. B. Bird ranch on Wannigan creek, in section 34, T. 
142, R. 103, a bed of coal 3 feet 9 inches thick is exposed. This 
is probably bed M. 

The upper coal bed of the Medora group, M, also outcrops on 

Andrews creek at several points between two and three miles east 

of Sentinel Butte. In the southwest quarter of section 21, T. 140, 

R. 104, the section is as follows : 

Feet Inches 

Sandstone, soft, yellowish 20 

Coal 5 2 

Clay 5 6 

Coal 1 

Clay 5 6 

Coal 1 6 

The coal is mined here on a small scale during the winter for local 

use. A little over one mile below here, in the southeast quarter ot 

section 22, T. 140, R. 104, there is another exposure of the same 

bed as follows : 

Feet Inches 
Clay 6 

Coal 1 6 

Clay, bituminous 4 

Coal 5 

Summarizing the data of the foregoing sections it is seen that 
the two middle beds of the Medora group, K and L, are 45 feet 
apart near the Custer Trail ranch, and the lower of the two is about 
100 feet above the Little Missouri. They dip to the north and are 
carried below river bed level a few miles beyond the Burgess ranch. 
They also approach each other in the same direction, being 35 feet 
apart at Medora and only eight feet apart opposite the mouth of 
Jewell creek. Then for nearly ten miles these coal beds are below 
the river and do not reappear until near the mouth of Ash creek. 
The three beds exposed here are believed to represent K and L, 
and the thick upper coal bed occurrinsf in the river bluffs between 
Ash creek and the northern boundary of Rillinsfs county, sometimes 
split into several by clay seams auvl sometin^cs formino^ a single bed 
with no partings, is undoubtedly the same horizon. Near the 
mouth of Roosevelt creek a lower coal bed, ], appears and continues 
above river level to the mouth of Beaver creek and beyond. 

It will thus be seen that from near the Custer Trail ranch to the 
northern limits of the area two workable coal beds of the Medora 
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group are present in the bluffs bordering the Little Missouri, the 
only place where they are below water level being the ten miles 
between Jewell and Ash creeks. 

All four members of the Medora group occur on Beaver creek, 
but they disappear successively below the bottom of the valley, bed 
K and L near the south line of T. 144, R. 103, and bed M continu- 
ing to within six miles of the Montana line. The latter coal bed 
also appears on Elk creek as far up as the Wilson ranch. 

BEAVER CREEK GROUP OF COAL BEDS. 

The coal beds of this group are exposed in the northwestern cor- 
ner of Billings county, along the valley of Beaver creek and its 
tributaries. They lie above the beds of the Medora group and the 
uppermost member is about 100 feet below the Sentinel Butte group. 
No workable beds of coal at this horizon were found elsewhere in 
the area under discussion. 

In following up the valley of Beaver creek the lowest member of 
the group, N, first appears near the Keen ranch, in the northeast 
quarter of section 2, T. 143, R. 104, where the following succession 
of strata is exposed: 

Feet Inches 

Bed N: Coal ., 5 

Shale and sandstone 42 

Bed M: Coal 2 9 

Shale 8 

Coal 13 

Shale 10 

Sandstone, to creek bed 31 

The bed M is without question the upper of the two workable 
beds exposed on the creek for many miles below, since it was traced 
almost continuously by its outcrop or the burned clay bed formed by 
its burning. The five-foot bed of the above section therefore lies 
over forty feet above the uppermost coal of the Medora group. 

The beds M and N of the above section are seen at many points 

in the bluffs bordering the valley between the Keen ranch and the 

mouth of Elk creek. At the junction of Elk and Beaver creeks the 

following section is well shown, in section 11, T. 143, R. 104. 

Feet Inches 

Shale and sandstone, to top of bluff 

( Coal 3 

Red X \ Clay 2 

f Coal 1 6 

Shale and sandstone, not well exposed 42 ^ 
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Feet Inches. 

( Coal 3 6 

Bed M \ Clay 3 

( Coal 2 

Shale and sandstone 30 

Coal 3 10 

Shale, to creek bed 16 

Bed N has burned out extensively and the clinker layer formed by 
it shows in many places along the valley. The bed sixteen feet 
above the base of the section appears to be one which is not exposed 
elsewhere, unless it be the same coal which outcrops about five miles 
above, near the McQuillon ranch. 

On Beaver creek about three miles above the mouth of Elk creek, 
the following section is exposed in the northwest corner of section 
21, T. 143, R. 104 : 

Feet Inches 

Bed O : Coal 6 6 

Shale and sandstone 14 

Bed N: Coal 2 4 

Shale 7 

Coal .' 2 ^2 

Unexposed 46 

Bed M : Coal 4 

Unexposed to creek 50 

It will be noticed in the above section that a workable bed, O, is 
here present above coal N, and for eight or ten miles below the 
McQuillon ranch this has a uniform thickness of 63^^ feet and is the 
thickest bed appearing in the bluffs of Beaver creek valley. It 
it the middle bed, O, of the Beaver Creek group. 

A little over a mile west of the above section the following beds 
appear in a steep bluff rising from the creek, in the northeast quar- 
ter of section 19, T. 143, R. 104 : 

Feet Inches 

Sandstone to top of bluff 12 

Bed O: Coal, with 3-inch seam 18 inches above base 6 6 

Shale and sandstone 15 6 

Coal 2 

Shale 10 6 

( Coal 20 

Bed N J Clay 3 10 

( Coal 2 2 

Shale and sandstone 37 

Bed M : Coal 3 8 
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Feet Inches. 

Shale and sandstone 21 

Coal 2 10 

Unexposed to creek bed 14 

The lowest bed in the above section is probably the same as the 
lower one exposed at the mouth of Elk creek. 

About four miles above the last section, in the northeast quarter 
of section 26, T. 143, R. 105, the coal bed O is again exposed, the 
outcrop here being as follows: 

Feet Inches 

Bed O: Coal 6 6 

Shale and sandstone 37 

Coal 3 

Shale 8 

Coal 26 

Shale 4 

Coal, with 2-inch clay seam near top 29 

Unexposed to creek 44 

The most westerly outcrop visited on Beaver creek was in the 

northwest quarter of section 34, T. 143, R. 105, three miles from 

the Montana line. In a steep bluff the following section is exposed 

here : 

Feet Inches 

Sandstone and shale to top of bluff 20 

Bed O: Coal 6 6 

Sandstone and shale 22 

Coal 3 

Sandstone 10 

Coal 2 6 

Shale and sandstone 36 

Coal 4 

Sandstone, exposed above creek 40 

Four beds of coal are exposed in the sides of the valley of the 
tributary of Beaver creek which flows through T. 142, R. 105. The 
thickest of these is the 6J.2-foot coal O, and sixty-five feet above 
is the upper bed of the Beaver Creek group, the bed P, which has 
a thickness of four feet. 

, It will be seen from the foregoing sections that the Beaver Creek 
group includes three coal beds. The lower, N, is exposed along 
the creek in T. 143, R. 104, and has a maximum thickness of five 
feet near the Keen ranch in section 2. Above here it is separated 
bv a clav seam into two coal beds. The middle bed, O, has a uniform 
thickness of (Sy2 feet and lies about fifteen feet above N, outcrop- 
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ping along the creek from the McQuillon ranch in section 20, T. 
143, R. 104, almost if not quite to the Montana line. The upper 
bed, P, has a thickness of four feet and was only seen at one point 
several miles south of Beaver creek. 

The three coal beds occurring below bed O, above the McQuillon 
ranch, are so variable and unlike those farther down the creek that 
they cannot be correlated with any certainty with those found else- 
where. 

The beds of this group undoubtedly extend back from Beaver 
creek for some miles to the north and south and should be struck 
in boring wells or in prospect holes. 

Two beds of workable thickness are present on Little Beaver 
creek, in T. 141, R. 105. The outcrop of one of these disappears 
below the level of the creek about one-half mile east of the Montana 
line, where it is six feet thick. 

The coal bed mined in the northwest quarter of section 8, T. 141, 
R. 105, shows the following section : 

Feet Inches 

Coal 6 6 

Shale , sandy •. 8 

Coal 3 

The same bed is mined in the northwest quarter of section 16, 
T. 141, R. 105, where the following section appears: 

Feet Inches 

Coal 2 2 

Clay ' 6 

Coal 5 

Clay 6 

Coal 5 6 

SENTINEL BUTTE GROUP OF COAL BEDS. 

The coal beds of this group are the highest in the region and are 
thus named from the fact that at least three of the members are 
present in Sentinel Butte. Five coal beds are included in this divi- 
sion and they have a vertical range of about 300 feet. The four 
upper beds are in the dark strata forming the upper division of the 
Fort Union, while the lowest member lies forty to fifty feet below 
the contact of the two divisions. The coal beds of the Sentinel 
Butte group extend from Bullion Butte and the divide between 
Third and Bear creeks on the south to the divide north of Ash creek 
on the north, a distance of 35 miles; they extend from Sentinel 
Butte on the west to the divide near Fryburg on the east, a distance 
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of 25 miles, and how much farther east they occur was not deter- 
mined. These coal beds have been extensively eroded over wide 
areas and they have also burned out on a very large scale. The 
bed which lies at the base of the upper Fort Union, R, can be 
readily traced by its red clinker horizon in the bluffs and ridges 
• of the Little Missouri badlands as far as the eye can see. 

The outcrops of the Sentinel Butte group south of the Northern 
Pacific railroad will first be discussed and later those north of the 
track will be considered. 

Three of the coal beds of this group occur in Bullion Butte, that 
portion of the section containing them being as follows: 

Feet Inches 

Bed S: Coal 3 3 

Shale, sandy, dark gray, contains near base many fer- 
ruginous nodules 60 

Bed R: Coal, at contact of upper and lower divis- 
ions of Fort Union 15 

Shale and sandstone 40 

Bed Q: Coal, at elevation of about 360 feet above 
river 5 

Coal bed R outcrops in the southeast quarter of section 12, T. 137, 
R. 108, near the north end of the butte, and it is also exposed near 
the south end in sections 29 and 30 of T. 137, R. 102. In this latter 
locality the coal measures Qyi feet thick and contains a three- inch 
clay seam two feet above the bottom. This thick coal bed undoubt- 
edly underlies the entire butte. 

About four miles southeast of Bullion Butte two very conspicuous 

elevations rise above the nearly vertical bluff of the Little Missouri 

and in these Tepee Buttes, as they are called, three high coal beds of 

the Sentinel Butte group occur. The detailed section of the strata 

at this point has been given on a previous page and only the upper 

part showing the coal is contained in the following section : 

Feet Inches 

Sandstone and shale to top of Teepee Buttes 52 

Bed T: Coal 4 6 

Shale and sandstone 95 

Bed S: Coal 6 3 

Shale and sandstone 25 

Bed R: Coal, with 2-inch clay seam two feet above 

bottom . Bed 400 feet above river 5 2 

The lowest coal bed, Q, of this group occurs in the high divide 
west of Bullion Butte, between Bullion creek and the river, which 
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here has an easterly course. This coal lies about fifty feet below 
the coal bed R, and is therefore in the buff, light colored division 
of the Fort Union. It lies at an elevation of about 320 feet above 
the river and has a thickness of ten feet. It is exposed in the south- 
east quarter of section 28, T. 137, R. 103, and at other points in the 
divide. No measurement was secured on this divide of the coal bed 
R, at tlie contact of the two divisions of the Fort Union, as it has 
burned out over a large area and its outcrop is marked by a thick 
laver of clinker. 

The beds of the Sentinel Butte group are known to extend at 
least eight miles east of the Little Missouri and probably continue 
considerably farther in that direction. The beds Q and R occur in 
the higher ridges and divides between Third and Bear creeks, in 
T. 137, R. 101. The coal R near the center of this township is 
nine feet thick and the lower bed Q, is here only fifteen feet below 
and is 5^ feet thick. The former bed, R, was traced by its clinker 
horizon several miles east of the above township, or as far as the 
divide between the drainage of the Little Missouri and Missouri 
rivers. 

The lower bed, Q, is exposed on Bear creek in the southeast quar- 
ter of section 36, T. 138, R. 102, where it measures 4 feet 4 inches 
in thickness and lies just above creek, level. The bed R outcrops 
for some distance along the creek three miles above here, near the 
southwest corner of section 34, T. 138, R. 101. The section of the 
coal bed is as follows: 

Feet Inches 

Coal 6 2 

Clay 14 

Coal 20 

This is one of the few places where this bed of coal contains a 
clay seam, and it is generally free from clay partings. Mr. Schuyler 
Lebo, who has a detailed and accurate knowledge of township 138, 
ranges 101 and 102. states that the coal bed R outcrops in the fol- 
lowing sections: 12, 14, 20 of T. 138, R. 102, and in 8, 10, 21 of 
T. 138, R. 101. This thick bed of coal underlies practically all of 
the latter township, except where it has been cut out by the streams. 

A measurement of this same bed was secured in the southeast quar- 
ter of section 23, T. 139, R. 102, where the coal is exposed near the 
top of the bluff at an elevation of 280 feet above the river. It here 
has a thickness of seventeen feet and is overlain bv fifteen to twentv 
feet of clav. 
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Along the valley of Sully creek the bed R has burned out exten- 
sively and along either side of the valley its horizon is marked by a 
thick layer of clinker which forms a very conspicuous scenic feature 
of this region. This bed of coal disappears below the bottom of the 
valley about one-half mile east of Sully Springs. . The burnt clay 
so abundant along the Northern Pacific railroad in the vicinity of 
Scoria was largely formed by the burning of this coal, although 
there is a higher bed which has formed some clinker. The so-called 
burning mine, about one-half mile south of Sully Springs, is in this 
same coal bed, which has been burning for many years. (Plate 
XI.) The only place on Sully creek where an outcrop of the coal 
R was found was in the west half of section 14, about one mile^ 
from the above station ; the upper part of the coal is here burned 
and has also been eroded, so that the full thickness could not be 
obtained, but seven feet of coal remain. Layers of clinker indicate 
that there are in this vicinity two coal beds above this one. One is 
150 feet and the other 240 feet above the bed R, and it is quite 
likely that they are to be correlated with the two higher coal beds 
occurring in Sentinel Butte, at the same relative distances above 
the coal R. No outcrops were found on Sully creek where the thick- 
ness of these upper coal beds could be measured. 

West of the Little Missouri river two members of the Sentinel 
Butte group are present in the base of Square Butte. The lower of 
the two, R, is five feet thick, and twenty-five feet above, separated 
by sandy shale, is the upper bed, S, with a thickness of fifteen feet. 
This latter bed is exposed in the northeast quarter of section 9, 
T. 139, R. 103. East of the river this upper thick bed does not 
occur on Sully creek or to the south of that stream. 

Between Flat Top and Sentinel buttes there is a conspicuous 
clinker layer formed by the burning of coal bed S. About midway 
between the two buttes the lower bed, R, outcrops, with a thickness 
of five feet, and lies 50 feet below the clinker layer. 

In Sentinel Butte the three upper members of this group are pres- 
ent. The lower of them outcrops at several points toward the bot- 
tom where it has been mined in the northeastern base, in southeast 
quarter of section 5, T. 139, R. 104, and the section of the bed S is 

as follows : Feet Inches 

Clay , sandy 

Coal 14 

Clay 3 

Coal 6 11 
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This same bed has been mined in the northwest quarter of section 

7, where it is 20 feet 11 inches thick. It has also been mined in 
the southwest quarter of section 5, and on the south and west sides 
of the butte. Ninety feet above this thick one is a six-foot bed of 
coal. The highest member is known to occur by its clinker and no 
exposure was seen. 

A few small areas underlain by beds R and S occur in the south- 
eastern corner of T. 139, R. 105, where they have escaped the ero- 
sion which has removed them from much of the region. Near the 
center of section 25 coal has been mined by stripping, the section 

here being as follows : 

Feet Inches 

Clay, white 

Coal 8 

Clay 10 

Coal , base not exposed 7 

This bed also occurs in the base of Rocky Butte, in section 34, but 
it is concealed by clinker so that its thickness could not be deter- 
mined. 

The bed S is present in the base of Camels Hump Butte, in sections 
9 and 10, T. 140, R. 104, but the coal has burned out along its ouc- 
crop and is concealed by clinker, so that no exposure could be found. 

In the divide north of Andrews creek, the two beds R and S of 
the Sentinel Butte group occur. Near the western edge of T. 140, 
R. 103, they are separated by 55 feet of the dark gray strata of the 
upper division and each measures 5^^ feet in thickness. Both the 
beds are extensively burned. 

In section 35 of T. 141, R. 102, bed R outcrops at an elevation of 
250 feet above the Little Missouri river, but only the upper 6J4 
feet of coal is exposed to view. 

The same coal bed, R, underlies the irregular plateau in sections 

8, 9, 10, 16 and 17, T. 140, R. 102, at an elevation of about 275 feet 
above the Little Missouri river. Its outcrop is nearly everywhere 
concealed by clinker so that its thickness could not be determined. 

In the divide between Government and Franks creeks, in T. 141, 
R. 101, the bed R occurs at the contact of the dark-colored strata with 
the buff and light gray beds below. It lies from 250 to 300 feet 
above the Little Missouri river and is found in the buttes which rise 
above the general level of the divide. In the southwest quarter of 
section 5 the coal is 11 feet 6 inches thick, with a 3-inch clay parting 
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6 inches from the bottom. In the southeast quarter of section 12 
that portion of the bed which is exposed measures 16 feet and the 
entire thickness is probably not much more than this. The bed R 
is also found in the divide between Franks and Ash creeks, though 
it is not well exposed in that area, but north of Ash creek the coal 
grows thin and partings develop in the bed. Thus in the northeast 
quarter of section 4, T. 142, R. 101, the section of this bed is as 
follows : 

Feet Inches 

Coal 1 3 

Clay ,. 7 

Coal 3 

Three workable coal beds are exposed in the valley of Ash creek, 
in the eastern part of T. 142, R. 101. The lowest is bed R and is 
at the contact of the light and dark colored divisions of the Fort 
Union. The following section of this bed appears in the north half 
of section 14, T. 142, R. 101 : 

Feet Inches 

Shale 

( Coal 6 8 

Bed R ^ Clay, gray 14 

( Coal 1 4 

Shale, exposed above creek 3 

A short distance below this outcrop, and in the same section, all 
three of the coal beds occur in the steep bluff bordering the valley 
of Ash creek, the section here being as follows : 

Feet Inches 

Coal 5 

Sandstone 40 

Bed S : Coal 4-5 

Shale and sandstone 35 

Bed R : Coal 6 

Shale and sandstone, to creek bed 20 

The upper coal bed does not correspond in position to any bed 
found elsewhere and is probably of limited extent. The upper two 
beds also appear in the northeast quarter of section 13, T. 142, R. 
101, where S is 6 feet thick and has been mined on a small scale at 
the outcrop. The upper bed here measures 5 feet. 

Bed S is well exposed just above creek level in the northeast quar- 
ter of section 20, T. 142, R. 100, the section being as follows : 
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Feet Inches 

Clay wash 2-20 

I Coal , . 6 

Bed S J Clay 3 

( Coal 6 

Clay, blue, exposed to creek bed 3 

Considerable coal has been mined here from the outcrop by the 
farmers of the vicinity, although the locality is not very accessible, 
being in the bottom of the valley of Ash creek and about 275 feet 
below the level of the upland. 

Very few coal outcrops occur on Green river, in northeastern liil- 
lings county. In the southern part of T. 142, R. 99, there is con- 
siderable clinker formed by the burning of a coal bed which is per- 
haps the same as that mined on a small scale near the base of Saddle 
Butte. No measurement could be secured of this bed since it is 
ever>'where concealed. A workable coal bed is exposed on Green 
river in the northeast quarter of section IG, T. 141, R. 98, where it 
has a thickness of 4 feet 4 inches, and a few loads of coal have been 
taken from the outcrop here. 

Two coal beds appear along the upper course of the Knife river 
in the northeastern corner of Billings county.' Their presence is 
indicated chiefly by clinker along their outcrop in the sides 
of the valley, but they are exposed in Hungry Mans Butte, in the 
southeast quarter of section 35, T. 144, R. 98. The lower bed is 3 
feet thick and lies 120 feet above the river ; the upper bed is 40 feet 
above and has a thickness of 2J^ feet. Roth beds are in the upper, 
dark colored division of the Fort Union. 

Coal in the Vicinity of Rainy Biittcs. — In East Rainy Butte a bed 
with a thickness of at least 6 feet occurs 100 feet above the base.* 
This does not represent the entire thickness of the coal, which is par- 
tially concealed, and. the measurement given above is only for the 
portion exposed. It is very probable that the same coal bed is also 
present in West Rainy Butte. It is doubtless to be correlated with 
one of the lower members of the Sentinel Butte group. 

Six or seven miles north of the Rainy Buttes, on the Cannon Ball 
river, and at a considerably lower elevation, two workable beds of 
coal occur. They are exposed not far from the east line of Billings 
county, where the following section appears : 

'Second Bicn. Rep. N. D. Geol. Survey, p. 160. 
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feet 

Alluvium 4 

Sandstone 5 

Clay : 2 

Coal 4 

Clay 4 

Coal 5 

Clay, to water level 5 

COAL IN BOWMAN COUNTY. 

No workable beds of coal occur along the valley of the Little 
Missouri river in eastern Bowman county. The strata of the latter 
area are the somber beds lying, below the light gray and buff divi- 
sion of the Fort Union and the lower portion of this dark-colored 
series is barren of coal except in thin seams. 

The most westerly coal outcrop in the county so far as known is 
that on Coyote creek, between three and four miles above its mouth, 
in T. 132, R. 105, where a bed 5 feet 6 inches thick appears along 
the stream. 

Three miles farther up the creek, in section 30, T. 132, R. 104, 12 
feet of coal are exposed, the lower portion being covered by talus 
and deposit from the stream, so ,that the entire thickness could not 
be determined. 

Coal outcrops at various points along the North Fork of the Grand 
river, in southeastern Bowman county. A bed is well exposed in 
the cut bank of the river two miles west of Haley, in section 27, T. 
129, R. 100, the section here being as follows : 

Feet 

Sandstone and sandy clay 25 

Coal eVi 

Sandstone, soft, exposed above river 4-6 

The coal is mined here from the outcrop, which extends along the 
side of the valley for 300 to 400 yards, and is used by the settlers 
living in the vicinity. A bed reported to have a thickness of five 
to six feet is also mined four miles above, in section 19, T. 129, R. 
100. Coal occurs on Spring creek, one of the chief tributaries of 
the North Fork of the Grand, and is exposed in section 3, T. 129, 
R. 101. A bed outcrops on Lightning creek, between four and five 
miles north of Haley and has been mined in section 5, T. 129, R. 99, 
by stripping off the cover. Coal is also found on Buffalo creek, and 
between the latter and Lightning creek. 






1 



I 

■ 



STATE OF NORTH DAKOTA 113 

The Consolidated Coal Company has a mine at Scranton, on the 
Chicago, Milwaukee & St. Paul railroad. The thickness of the coal 
bed is 22 feet and it contains no clay seams. Its depth below the 
surface varies from 30 to 140 feet. The mine is located a quarter 
of a mile from the railroad, with which it is connected by a spur. 

A coal bed occurs on the South Fork of the Cannon Ball river, in 
the extreme southwest corner of Hettinger county, only one mile 
east of the Billings county line. Here, in section 31, T. 133, R. 97, 
3J/^ feet of coal are exposed, but the bed is partly concealed and its 
full thickness could not be determined. It is covered by three to 
four feet of clay and is readily mined by stripping off the cover. 

DEVELOPMENT OF THE COAL RESOURCES. 

Elxcept at a few^ points all mining so far carried on in the region 
under discussion has been by the ranchers and settlers for their own 
use. The coal is commonly obtained where the beds outcrop along 
some stream or in a bluff or butte, so that it can be mined with the 
least expenditure of time and labor. The beds are frequently under- 
mined by river or creek and large masses have fallen off and line the 
banks, ready to be broken up and loaded into wagons. In many 
places these outcrops can be reached only in winter when the streams 
are frozen over, and much of the coal is hauled at this time of the 
year or during the fall. 

Another common method employed is that of stripping off the 
overlying clay, and where the cover is not over ten or fifteen feet 
thick this is an easy and inexpensive way of mining. In many cases 
the cover grows thicker as the bed is followed back into the bluff, 
so that a limit is reached beyond which stripping cannot be employed. 

Probably the first mine to be developed in the region was the one 
at Little Missouri, across the river from Medora, which belonged to 
the Northern Pacific railroad. Coal was mined here by the rail- 
road as early as 1884, by means of drifts running in along the bed. 
Some of the old dump piles and timbers may still be seen. 

Several openings have been made in the nine-foot bed at ^Vfedora, 
and considerable coal has been shipped from this mine to nearby 
towns. The newest entry runs back over 75 feet from the face of 
the bluff and the cars are pushed out by hand. The thick coal bed 
at Sentinel Butte is mined at four or fivQ points where it is exposed 
near the base of the slope, the coal being taken from the outcrop. 
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The largest mine in the area under discussion is the one recently 
opened by the Consolidated Coal Company at Scranton, Bowman 
county, on the Chicago, Milwaukee & St. Paul railroad, to which 
reference has already been made on a previous page. The coal is 
blasted from the solid and the mine is equipped with mule haulage. 

The material over the coal beds is commonly clay, which makes 
an insecure roof requiring careful timbering to prevent it from fall- 
ing. It is therefore customary, when the bed is of sufficient thick- 
ness to allow, to leave from six inches to one or two feet of lignite 
to form the roof of the mine. This makes an excellent roof and 
one which frequently requires but little timbering except along the 
main entry. 

Future Development, — This part of North Dakota is rapidly sett- 
ling up and with the large increase of population new mines will be 
opened in different parts of the field. At the present time nearly 
every farmer and rancher mines his own coal from the nearest and 
most accessible bed. In the future an increasing number will obtain 
their coal from some mine in their vicinity. 

The future development of the coal resources of the region will 
depend to some extent upon how widely the gas engine comes into 
use, and also upon the cheap briquetting of the lignite. The value 
of the latter as a source of producer-gas for gas engines has been 
demonstrated by the tests made at the Fuel-Testing Plant of the 
United States Geological Survey at St. Louis, where it was found 
that North Dakota lignite furnishes a rich gas for this purpose. If 
the gas engine should come into general use, as many believe it will, 
it would result in a greatly increased demand for this kind of coal. 
The successful briquetting of the Hgnite which would allow of its 
being shipped and stored for a long period without breaking down 
into small pieces would likewise insure its increased use as a fuel. 
It seems probable that a commercially successful briquetting procesf 
will be found in the near future, and when discovered it will be of 
great benefit to North Dakota. 
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INTRODUCTION. 

The area under consideration includes Pembina, Cavalier, and 
adjoining parts of Walsh and Ramsey counties, comprising town- 
ships 157 to 164 N. and ranges 50 to 64 W., or an area of about 
2,400 square miles. As may be seen from the accompanying map, 
the region is well provided with railroads with the exception of 
that portion lying to the north and northeast of Langdon, in Cav- 
alier county. It is probable that a line will be put through this 
area in the near future, paralleling the Hannah branch of the 
Great Northern railroad and midwav between it and the Walhalla 
branch of the same road. The completion of the Northern Da- 
kota railroad to Concrete will also serve as a stimulus and perhaps 
as a connecting link. 

The geology of northeastern North Dakota is of much interest 
because of the exceptional opportunity afforded for the study of 
the Cretaceous formations of the region, particularly in the many 
outcrops of the Pembina Mountains. The area is also of economic 
importance from the occurrence in it of materials suitable for the 
manufacture of cement. These and other considerations led the 
Survey to undertake as detailed a study of the region at time and 
funds would allow. 

This area and adjoining parts of the Red River Valley in Min- 
nesota have received in the past considerable attention from geol- 
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ogists. The evidences of the former existence of a great lake in 
the Red River Valley were observed in 1823 by Keating, the geol- 
ogist of the first scientific expedition to this district;^ in 1848 by 
Owen f in 1857 by Palliser '^ in 1858 by Hind ;* and in 1873 by Dr. 
G. M. Dawson.*^ Each of these geologists explored considerable 
tracts of the lacustrine area, recogiazing its limits in a few places, 
and Hind especially described and mapped portions of the lower 
beach ridges. Dr. Dawson's work was in connection with the 
British North American Boundary Commission, and includes de- 
tailed notes of the part of this area lying between the Lake of the 
Woods and the Pembina Mountains. 

The excavation of the valley occupied by Lake Traverse, Big 
Stone lake and the Minnesota river was first explained in 1868 
bv Gen. G. K. Warren, who attributed it to the overflow from this 
ancient lake. He made a careful survey of this valley, and his 
maps and descriptions, with the accompanying discussion oi geol- 
ogic questions, are most valuable contributions to science.® After 
his death, in commemoration of this work, the glacial river that was 
the outlet of Lake Agassiz was named River Warren.^ 

That this lake existed because of the barrier of the receding ice- 
sheet was first pointed out in 1872 by Prof. N. H. Winchell.* 

Considerable work on that part of the area of Lake Agassiz 
which lies in Minnesota was done by Warren Upham and reported 



^Narrative of an expedition to the source of St. Peter's river, Lake Winnepeek, 
Lake of the Woods, etc., performed in the year 1823, under the command of Stephen 
H. Long, M. S. and Topographical Engineer, London, 1825, Vol. II, p. 8. 

"Report of a Geological Survey of Wisconsin, Iowa and Minnesota. Philadelphia, 
1852, p. 178. 

'Journals, detailed reports, etc., presented to Parliament, 19th May, 1863, p. 41. 

^Report of the Assiniboine and Saskatchewan Exploring Expedition. Toronto, 1859, 
pp. 39, 40, 167, 168. 

'Report on the Geology and Resources of the Region in the Vicinity of the Forty- 
ninth Parallel, from the Lake of the Woods to the Rocky Mountains. Montreal. 1875, 
p. 248. 

•'*Qn certain physical features of the upper Mississippi river," American Naturalist, 
Vol. II. pp. 497-502, November. 1869. Annual Report of the Chief of Engineers, United 
States Army, for 1868, pp. 304-314. "An essay concerning important phvsical features 
exhibited in the valley of the Minnesota river, and upon tneir significance,'* with 
maps; Report of Chief of Engineers, 1875. "V^alley of the Minnesota river and of the^ 
Mississippi river to the junction of the Ohio; its origin considered; depth of bed rock,"' 
with maps: Report of Chief of Engineers, 1878, and Am. Jour. Sci. (3), Vol. XXVII, 
pp. 417-431, December, 1878, (General Warren died August 8, 1882). 

^Proc. A. A. A. S. Vol. XXXII, for 1883, pp. 213-231; also in Amer. Jour. Sci. (3), 
Vol. XXVII, Jan. and Feb., 1884; and Geology of Minnesota, Vol. I, p. 622. 

»Geol. and Nat. Hist. Survey of Minnesota, First Annual Report, for 1872, p. 
63; and Sixth Annual Report, for 1877, p. 31; Prof. Winchell also explained in like 
manner the formerly higher levels of the I^urentian lakes. Popular Science Monthly, 
June and July, 1873; and the same view is stated by Prof. J. S. Newberry in the Report 
of the Geological Survey of Ohio, Vol. 1874, pp. 6, 8 and 51. 
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in the publications of the Minnesota Geological Survey.^ More de- 
tailed work both in Minnesota and North Dakota was undertaken 
later by the same geologist and the report on it was published by 
the United States Geological Survey.^ By the cooperation of the 
geological surveys of the United States and Canada, Warren Up- 
ham was enabled to complete his investigations on Glacial Lake 
Agassiz, which were published by the United States Geological 
Survey and in part by the Geological and Natural History Survey 
of Canada.' The report is a valuable contribution to science. 

Altitudes in the lake area have also been included in another pub- 
lication by the United States Geological Survey.* 

Important observations of the beaches of Lake Agassiz farther 
northward along the Manitoba escarpment and near the mouth 
of the Saskatchewan have been made during work for the Geolog- 
ical Survey of Canada by Mr. J. B. Tyrrell.^ 

The Geological and Natural History Survey of Minnesota in 
Vol. 4 of its Final Report, 1899, considers the areal geology of 
Kitson, Roseau and Marshall counties, lying in the Red River Val- 
ley, and these have many characteristics in common with Pembina 
and Walsh counties in North Dakota. Dr. C. P. Berkev, did some 
work in the vicinity of Walhalla and published the results in the 
Am. Geologist, Vol. XXXV, No. 3, March, 1905. Work of a gen- 
eral character has been carried on in the past in this area by Prof. 
Babcock and Dr. Leonard of the North Dakota Geological Survey, 
and is reported in the First and Third Biennial Reports. 

Acknowledgments are due Mr. J. M. Melstcd, of Gardar, and Dr. 
R. C. Cliff, of Park River, for their kind assistance in providing 
horses for carrying on the work. Thanks are due especially to 
Mr. H. A. Mayo, of Walhalla, for field assistance ; and many other 
citizens of the counties aided in the work. 



*Gcol. and Nat. Hist. Survey of Minnesota, EiRhth Annual Report, for 1879, pp. 
84-87; Eleventh Annual Report, for 1882, pp. 137-153, with map; and Final Report, 
Vols. I and II. 

*U. S. Geol. Survey Bulletin No. 30. The Upper Beaches and Deltas of the Glacial 
Lake Agassiz, pp. 84, with map. 

•Geol. and Nat. Hist. Survey of Canada, Annual Report, new series. Vol IV, for 
1889-89, Part E, Report of Exploration ot the Glacial Lake Ajjassiz in Manitoba, pp. 
1S6. with two maps and a plate of sections. U. S. (ieol. Survey. Mono. XXV, pp. 658. 
38 pi. 1896. 

*U. S. Geol. Survey, Bulletin No. 72, Altitudes between Lake Superior and the 
Rocky Mountains, 1891, pp. 221». 

•G<K)1. and Nat. Hist. Survey of Canada. Annual Report, new series. Vol. Ill, for 
1887-88, Part E, Notes to accompany a preliminary map of the Riding and Duck Moun- 
tains in northwestern Manitoba. 16 pa^es with map. Other papers by Mr. Tyrrell, 
including descriptions of portions of the I^ke Agassiz beaches, arc, "Post Tertiary 
Deposits of Manitoba and the adjoining territories of Northwestern Canada," Bulletin, 
G. S. A., Vol. I, 1890, pp. 39n-410, and "Pleistocene of the Winnipeg Basin, " Am. 
Geologist, Vol. VIII, pp. 19-28, July, 1891. 
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PHYSIOGRAPHY. 

TOPOGRAPHY 

To the most casual observer it is apparent at once that the area 
may be divided into three topographic divisions, namely: the 
Red River Valley; the Pembina Mountains; and the high rolling 
prairie forming the greater part of Cavalier county. These topo- 
graphic divisions are well marked and important geologically. 
There are no outcrops of the sedimentary series in either the first 
or last divisions while the Upper Cretaceous formations are well 
exposed in the Pembina Mountains. In the Red River Valley and 
in Cavalier county geological field work must be confined for the 
greater part to the consideration of well records, and the study of 
the physiographic features and the glacial geology. 

The Red River Valley in North Dakota lies in general between 
the Red River or eastern boundary of North Dakota, and range 
56 W. The slope of the valley to the north in this area along the 
eastern boundary of the state is about lYz feet per mile. Going 
to the west along the southern boundary of Pembina county the 
valley bottom rises about ten feet per mile, although the ascent 
through the first half is only about 3 feet per mile. In the next 
8 miles the surface rapidly ascends nearly 400 feet more, as one 
climbs the Pembina Mountain escarpment, which forms the wes- 
tern boundary of the valley. Along the international boundary 
the surface rises about 40 feet in 15 miles from Pembina to Neche, 
and 187 feet in the next 21 miles to the base of the Pembina 
Mountains. Here as before, the Cretaceous escarpment, known 
as the Pembina Mountains, rises abruptly, giving an elevation of 
1,400 feet above the sea, and rising about 400 feet in two miles. 
See Plate XX, Fig. 1. 

From the foregoing it will be seen that the Red River Valley is 
a large nearly level plain, which slopes slightly downward to the 
north and upward to the west. In traversing it from east to west, 
however, it is at once apparent that there are are upon the surface 
certain ridges, which extend in a general north and south direction. 
These usually have only a slight difference in elevation from the 
valley, commonly 10 to 20 feet on the side towards the Red river, 
and 3 to 10 feet toward the west ; and vary in width from 10 to 25 
rods. There arc also step-like terraces which extend longitudi- 
nally in a north and south direction and slope upward to the west 
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to a height of 10 to 25 feet. Besides these variations from the gen- 
eral level, there is also one of considerable topographic and eco- 
nomic interest which borders the Pembina Escarpment and is cut 
by the Pembina river. This is known as the Pembina delta. See 
Plate XX, Fig. 2. 

Previous geological work in the Red River Valley has shown 
that this valley existed previous to the Glacial Period. During the 
retreat of the ice-sheet a large body of water was held in this valley 
by virtue of the presence of the ice-sheet to the north. This is 
known as Glacial Lake Agassiz. During the early part of the 
existence of this lake, its outlet was to the south, through the valley 
now occupied by Lake Traverse and Big Stone and the Minnesota 
river. As the ice-sheet receded to the north the level of the water 
of the lake was lowered, and finally found an outlet to the northeast. 
The complete retreat and disappearance of the ice-sheet gave present 
day conditions. 

During the existence of Lake Agassiz beaches, terraces, and other 
evidences of shore lines were formed on its margin, and remained 
after the recession of the ice-sheet and the lowering of the water 
level. These are evident today and are important in the topography 
of the valley, as well as economically important as supplies of sand 
and gravel. 

In the southern part of the area of this glacial lake, within 75 
miles of its outlet at Lake Traverse, five principal beaches have 
been observed, and in their descending order have been named, 
from towns in Minnesota near which thev are well exhibited, the 
Herman, Norcross, Tintah, Campbell and McCauleyville beaches. 
These shore-lines, however, when traced farther north, are found 
to become double or multiple, due to an elevation of the northern 
part as the ice-sheet retreated and its ^j^reat weight was removed 
from the earth's crust. Tn the vicinity of Maple Lake, ]\Iinnesota, 
the Herman beach is divided into ^vt beaches, corresponding to 
the single Herman beach at the southern outlet. Tn like manner 
the Norcross and Tintah beaches are each represented at the north 
by two, and the Campbell and McCauleyville beaches each by three 
distinct shore-lines, separated by slight vertical intervals. The 
northern part of the lake has thus no less than seventeen shore- 
lines, which were successively formed from the highest to the lowest 
during the time of the southward outflow through Lakes Traverse 
and Big Stone and the Minnesota river to the Mississippi. 
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After the lake obtained its earliest outlet to the northeast, sink- 
ing below Lake Traverse, it formed fourteen shore-lines. The first 
three of these pass near Blanchard, N. D., and these are denomi- 
nated the Blanchard beaches. The next in descending order is the 
Hillsboro beach, the succeeding two are the Emerado beaches, and 
the next lower the Ojata beaches, named similarly from other towns 
in this state. The remaining six lower beaches are named from lo- 
calities in Manitoba. In the same descending order they comprise 
the Gladstone, Burnside, Ossowa, Stonewall and Niverville beach- 
es, the last being double. There are thus in total thirty-one separ- 
ate shore-lines of this lake in the northern portion of its area ; and 
all of them, excepting the lowest, extend south of the international 
boundary. 

Owing to the conditions under which the field work was carried 
on and owing to the fact that Mr. Warren Upham did a large 
amount of detailed work on the shore lines of Lake Agassiz the 
results of which are contained in Monograph XXV of the United 
States Geological Survey the writers thought it unnecessary to 
spend much time on this portion of the work. Instead, some of the 
more important features and their relations to the remainder of the 
area were studied, and the writers have drawn freelv from the 
above monograph in the preparation of this report. 

Golden Valley. Golden Valley on the north line of sections 4 
and 5, Vernon township, has an elevation of 1,185 to 1,195 feet, 
showing an ascent of 10 feet from east to west in its width of 2 
miles. About the same transverse slope, raising the west side of the 
valley 10 to 15 feet above its east side, is found along its whole ex- 
tent of 18 miles from the North Branch of the Forest river to the 
Middle and North Branches of the Park river. From the south 
boundarv of Golden Vallev northward, the width of this vallev 
varies from two to only one mile.' It is flat, and its bottom and 
sides consist mainly of clay free from gravel ; but wells find gravel 
intermixed with the clay,probably till, at a depth of a few feet, 
and about twenty feet from the surface they sometimes encounter 
a waterbearing stratum of gravel, chiefly made of Cretaceous 
shale. The highest part of Golden Valley south of the South 
Branch of Park river, along the north line of sections 27, 28, 29, 
in Golden township, is 1,199 feet on the east to 1,211 feet on the 
\ycst. Golden Valley, on the north line of section 29, Lampton 
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township, is 1,198 to 1,208 feet. In this northern part of the valley 
limited tracts of its flat area are strewn with abundant boulders 
up to two feet, and less frequently three or four feet, in diameter. 
They are probably where swells of till rose nearly to the surface of 
the water in this strait of Lake Agassiz, so that its fine portions were 
swept away by waves and currents, to be deposited elsewhere in 
the valley as clayey silt, leaving the masses of rock which would 
not be thus removed. Approaching the Middle Branch of Park 
river, the surface of the Golden Valley continues very smooth 
and flat, but it ceases to have a continuous ascent from east to west, 
some portions along the center being depressed a few feet, and thus 
allowing the formation of shallow sloughs. 

The west border of the Golden Vallev was the most western 
shore of Lake Agassiz in its highest stage, but it is only very scan- 
tily marked by deposits of beach gravel and sand, because of its 
sheltered position on the western and leeward side of this narrow 
strait. From the southeast corner of section 32, Golden township, 
this shore-line extends in a quite direct course a few degrees west 
of north through sections 32, 29, 20, 17, 8, and 5 of this township 
and the east edge of sections 31 and 30, Lampton township. For 
the next three miles, in the east edge of sections 19, 18, and 7, 
Lampton township, it runs nearly due north. Thence it turns to a 
nortwesterly course through section G of this township, and section 
31, Gardar township. In this vicinity the Golden Valley termi- 
nates. 

Bushes and trees clothe the slope on the west side of the Golden 
Valley along its northern part, extending to the south line of Lamp- 
ton township; but this ascent farther south, also the entire extent 
of the Golden Valley, the drift hills forming its cast border, and 
the vast plain of the Red River Valley, are prairie, excepting that 
narrow belts of timber border the water courses. 

Smoothly undulating till rises slowly from the west side of the 
southern part of the Golden Valley, but in section 30, Lampton 
township, rounded hills of till attain a height of about 100 feet above 
the valley or 1,300 feet above the sea. Thence northward a smooth 
slope ascends 50 to GO feet, or in some portions only 30 or 40 feet, 
within the first quarter or half mile to the west, succeeded beyond 
by a moderately rolling surface with less ascent. 
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A terrace of beach sand and gravel, containing pebbles and cob- 
bles up to six inches in diameter, extends a third of a mile from 
southeast to northwest, with a width of 5 to 30 rods, in the north- 
west quarter of section 33, Lampton township, abutting on the west 
flank of the rolling and hilly deposits of till which make the east 
border of the Golden Valley. It was formed by currents enter- 
ing this strait of Lake Agassiz; it has an elevation of 1,213 to 1,195 
feet, declining from north to south, and also sinking one or two 
feet from west to east in its width of 100 to oOO feet, being thus 
slightly higher along its verge than where it rests upon the adjoin- 
ing hilly till. 

From the north side of section 32, Eden township, Walsh county, 
an island of rolling and hilly morainic till above the highest level 
of Lake Agassiz extends, with the exception of two short g^ps, 
twenty miles northward, varying in width from a half mile to a 
little more than one mile in its southern quarter and from one and 
one-half to two and one-half miles through the remainder of its ex- 
tent. This hilly tract, commonly denominated "the mountains," 
forms the east border of the Golden Valley. In the north part of 
section 36, Vernon township, it has a depression to about 1,180 
feet, which probably was a strait of the glacial lake in its highest 
stage, an eighth of a mile wide, and a few feet deep. Again in 
the center of Golden township, it is intersected by the South Branch 
of Park river, which has a valley a quarter to a half of a mile wide 
and about seventy-five feet deep. The stream in its course of one 
and a half miles through this belt descends about fifty feet, from 
1,165 to 1,115 feet, approximately. Jt seems almost certain that a 
depression slightly lower than the Golden Valley on the west orig- 
inally extended across this rolling and hilly area where it is cut 
by this stream ; but the erosion of its valley has undermined and 
removed portions of adjoining hills: and ridges, so that its inclosing 
bluffs now rise 50 to 100 feet, their highest points being about 
1.225 feet above the sea, or twenty-five to thirty feet above the 
cast edge of the Golden Valley. All these bluffs and two plateaus 
left in the midst of the valley are till, yellowish near the top and 
dark-bluish below. 

The elevation of "the mountains" in their southern and narrower 
portion varies from 1,190 to 1,250 feet above sea level; in the south 
part of Golden township, 1,200 to 1,260 feet and through the north 
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half of this township and the south half of Lampton township, 
1,200 to 1,275 feet, being highest in section 28 of the township last 
named, near the northern end of this hilly tract. These prominent 
accumulations of till, rising in the west edge of the lacustrine area, 
are probably referable to the ninth or Leaf Hills moraine and ap- 
pear to have been formed on the western margin of the Minnesota 
lobe of the ice-sheet, as explained in the general consideration of 
the area. 

The Great Northern Railway at Park River depot is 998 feet 
above the sea ; the natural surface at the southeast corner of section 
23, Golden township, on the road leading west from Park River, 
1,178 feet. The crest of the upper Herman beach, crossed by this 
road ten rods west from the point named, it at 1,187 feet, but twen- 
ty rods southeast and northwest from the road its height is 1J92 
feet. This is a typical beach ridge of sand and gravel, with peb- 
bles up to two or three inches in diameter, mostly limestone and 
granite. The Cretaceous shale before mentioned is very rare in 
the till of **the mountains" and in the beaches formed along their 
east side, indicating that the east limit of this shale is the Pembina 
Mountains and the western ascent of the Golden Valley, and that 
the glacial currents by which the drift here was deposited came 
only from the north and northeast, with no intermixture of currents 
from west of north. 

Lake Agassiz Beaches. The highest beach on the verge of south 
bluff of the South Branch of Park river, in the southeast quarter 
of section 23, Golden township, is 1,188 to 1,192 feet high with a 
basin-shaped hollow on its west side twenty feet lower, which 
changes southward to a depression of about ^\e feet. The river 
bluff here shows the depth of beach sand and gravel to be two to 
ten feet, lying on till. The lower beach, a quarter of a mile farther 
cast, extends from northwest to southeast, in the southwest quar- 
ter of section 24, and is 1,107 to 3,170 feet high. 

The lower Herman beach is a massive ridge of gravel and sand, 
extending in a curved course convex toward the east from the 
northeast quarter of section 2, Golden township, through the south- 
east part of section 35, Lampton township, with a crest 1,100 to 
1,165 feet high; through the northeast edge of section 36, and the 
southwest corner of section 25, it is 10 to 50 rods wide, with slightly 
undulating surface, and is 1,160 to 1,167 feet high; near the middle 



126 CEMENT MATERIALS 



of the cast side of the southeast quarter of section 26, it is 1,165 
to 1,1GG feet high ; and at the quarter-section stake on the north 
side of this section 26, it is 1,163 feet 

Near the west line of section 23, Lampton township, two Herman 
beaches abutt upon the east flank of the north end of "the mountains" 
and extend thence north-northwest two miles to the Middle Branch 
of Park river. The eastern one, a well-defined ridge of sand and 
fine gravel passes close west of the quarter-section stake between 
sections 15 and 10. The elevation of its crest is 1,161 to 1,166 
feet, increasing in height from south to north; the descent on the 
east is fifteen to twenty feet in as many rods, and the depression 
on the west is three to eight feet deep and ten rods wide. The 
other beach riJge is forty or fifty rods farther west, parallel with 
the preceding and similar in form and material, its crest rising 
slightly northward, is 1,173 to 1,176 feet obove sea level. An- 
other distinct beach ridge, but of smaller size, runs in a parallel 
'course through the east part of the southwest quarter of section 
9, with its crest at 1,185 to 1,187 feet. These appear to represent 
together the second and third Herman beaches. The lowest Herman 
beach in this vicinity passes as a well-marked ridge of gravel and 
sand through the west part of sections 11 and 2, Lampton 
township, and the cast part of sections 34, 27 and 22, Gardar town- 
ship, having a height of 1,145 to 1,150 feet, from which there is 
a descent of five to ten feet on the west. 

The upper Herman beach, northward from the north end of 
"the mountains," forms in the northwest quarter of section 21, 
and the west part of section 16, Lampton township, a massive 
broad ridge, composed of sand and gravel, with pebbles up to four 
or even six inches in diameter, with a crest 1,197 to 1,207 feet 
high, rising higher northward, where the beach deposit overlies 
the eastern slope of a wave-like swell of till that rises to 1,212 
feet. A small beach ridge belonging to this stage is on the east 
edge of the southeast quarter of section 8, Lampton township, 
and is 1,202 to 1,207 feet above sea level. The surface in the west- 
ern part of the southwest quarter of section 9, is 1,197 feet high, 
consisting of sand and gravel of this beach to a depth of ten feet. 
The summit of a smoothly rounded hillock, probably till, but hav- 
ing few or no boulders, in the east edge of the northeast quarter 
of section eight, is about 1,230 feet ; train of beach gravel and sand 
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extending thence thirty rods southward, rises 1,217 feet above sea 
level with descent of fifteen or twenty feet on each side. Contin- 
uing beyond the Middle Branch of Park river, this highest beach 
is well developed in a broad ridge running due north through the 
west part of section 4, Lampton township, with its crest at 
1,202 to 1,208 feet. On the east the surface falls thirty or forty 
feet, and more slowly beyond, while toward the west a descent 
of ten feet is succeeded by a flat surface of till, which rises slowly 
from the foot of the beach ridge to a swell at the height of 1,215 
to 1,225 feet, a half mile away, forming the east boundary of the 
Golden Valley. This beach is of sand and gravel, with pebbles 
up to six inches in diameter. About half of them are limestone; 
nearly all of the remainder are Archean granite, gneiss and schists ; 
scarcely one in two hundred is Cretaceous shale. Through the 
•w-est edge of section 33, Gardar township, the elevation of this 
excellent beach is 1,202 to 1,205 feet, and in the southwest edge 
of section 28 and the middle of the east edge of section 29, 1,202 to 
1,197 feet, decreasing in size and height northward. For a half 
mile through the southwest quarter of section 33, there is a slight 
secondary beach ridge, four to nine feet lower which lies about 
thirty rods east of the foregoing; its crest is at 1,198 to 1,195 feet 
above sea level sinking a few feet from south to north ; it is divid- 
ed from the higher beach by a continuous depression about three 
feet deep . 

A very massive beach ridge, composed of sand and gravel, with 
pebbles and rock fragments, the largest only slightly waterworn, 
up to six inches in diameter, passes a few degrees west of north 
through the center of section 20, Gardar township, its crest in the 
south half of the section being at 1,208 to 1,215 feet, and in the north 
half 1,215 to 1.223 feet. On the east is a descent of twcntv to thirtv 
feet within twenty-five to forty rods, and on the west ten or twelve 
feet from the highest part of the beach within ten rods to a nearly 
level area of till. 1,211 feet, w^hich sinks forty rods farther west to 
a long slough, about 1,205 feet high, parallel with the beach and a 
sixth of a mile wide. Beyond this an undulating surface of till, 
partly covered with bushes and small trees, rises to 1,250 or 1,275 
feet within two miles, and then in massive swells to 1,450 or 1,500 
feet within the next two to four miles. These are part of a plateau 
rising thence more slowly westward, whose boundary for the seven- 
ty-five miles to the north-northwest is the conspicuous escarpment 
called Pembina Mountain. 
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The north end of this massive beach bears on its crest an arti- 
ficial embankment 100 feet long from east to west and twenty feet 
wide, raised two feet above the natural surface, its top being 1,225 
feet above the sea. This is ten rods south from where the beach 
is cut to 1,210 feet by a wide gap as of some ancient watercourse. 
In the south edge of the southwest quarter of section 17, Gardar 
township, on the south bank of the North Branch of Park river about 
ten rods east from the ford of the "Half-breed Road," this beach 
has an elevation of 1,220 feet. 

The North Branch of Park river at this ford is ten to fifteen feet 
wide and a few inches deep with elevation of 1,203 feet. Its sur- 
face at the village of Gardar a mile east, 1,175 to 1,170 feet. Lower 
Herman beach, passing from south to north along the west side of 
sections 20 and 17, Gardar township, a third of a mile west of the 
village, about 1,185 feet. 

Sections 17, 8, and 5, Gardar township, rise from 1,190 to 1,200 
feet on their east side to 1,220 and 1,225 feet on the west, includ- 
ing, therefore, the upper Herman shore of Lake Agassiz: but they 
present no considerable deposits of beach gravel and sand. A 
swell of till, sprinkled with very abundant boulders, nearly all 
Archean granite and gneiss, up to five feet in diameter, extends 
from south to north across the line between sections eight and 
five, having its crest at 1,215 feet, from which there is a steep des- 
cent of ten or twelve feet to the west. 

The south branch of Cart creek, in sections 31 and 32, Thing- 
valla township, is bordered by a belt of timber, but it is only a small 
channel a few feet below the general surface, and is dry through 
the greater part of the year. Its alluvial gravel, like that of the mid- 
dle and north branches of Park river, is mostly Cretaceous shale, 
derived from the gorges eroded in this rock at the sources of these 
streams in the Pembina Mountain. 

Along the western border of Lake Agassiz here and northward 
into Manitoba extends a prominent wooded bluff, the escarpment of 
a treeless plateau which from its crest stretches with slow ascent 
westward. This escarpment commonly called the Pembina Moun- 
tain, is a very marked feature in the topography for about seven- 
ty-five miles. It is caused by the outcrop, mostly overspread by 
glacial drift, of a continuous belt of nearly horizontal Cretaceous 
shale several hundred feet thick. Its course coincides nearly with 
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the west line of Gardar and Thingvalla townships. Thence it 
continues in an almost straight course, a few degrees west of north, 
to the international boundary, beyond which it runs north-northwest 
nearly fifty miles to the vicinity of Treherne. The base of the as- 
cent is about 1,225 feet above sea level, and its crest approximately 
1,500 feet, northward to the Pembina river, beyond which the base 
sinks to 1,150 and 1,100 feet and the crest to 1,400 and 1,300 feet. 
The width occupied by the slope varies from a quarter to a half 
of a mile. 

The natural surface at the quarter-section stake on the north 
side of section 32, Thingvalla township, is 1,178 feet above the sea. 
Sections 32, 29 and 20 of this township are mostly till, smoothed 
by this glacial lake, the depressions having been filled by leveling 
down the higher portions, where many boulders partially embedded 
testify to considerable erosion. A broad beach of sand and fine 
gravel three to five feet high extends from south to north through 
the center of section 29, its crest being at 1,180 to 1,182 feet high. 
This is the third in the series of four Herman beaches. The higher 
beaches are probably also recognizable one to one and one-half miles 
farther west near the base of the Pembina escarpment or "second 
mountain," which is 1,220 to 1,230 feet above the sea; but it is im- 
practicable to trace their course and determine their exact elevation, 
because woods reach from the base of this escarpment a half mile 
east where these beaches belong. 

The fourth Herman beach is a broad, low swell of sand and gravel 
extending north-northwesterly through the east half of section 20, 
Thingvalla township, with elevation of 1,166 to 1,172 feet; through 
sections 17 and 8, an eighth to a quarter of a mile wide, and 1,161 
to 1,173 feet high, having in some places a depth of at least 10 
feet, as shown by wells. On the north line of section 20, and again 
in the north part of section 17, it is intersected by branches of Cart 
creek, which occupy valleys about 40 feet deep and an eighth to a 
quarter of a mile wide. Brush and scattered trees grow in these 
valleys and on the area between them. Toward the east a descent of 
30 to 40 feet is made within the first half mile; westward there is 
only a sHght ascent, to about 1,200 feet in one mile; then a more 
considerable slope, covered with woods, rises 20 to 40 feet to the 
base of the "second mountain," on or near the township line. 
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In the west part of section 8, and again near the northeast corner 
of section 6, Thingvalla township, this beach is intersected by the 
head streams of Willow creek, in valleys about 35 feet deep. On 
the north line of sections 5 and 6 of this township the third and 
fourth Herman beaches are merged in an undulating tract of gravel 
and sand a half mile wide, which rises from 1,160 feet on the east 
to 1,184 feet on the west. A well on the west part of this belt found 
the beach deposit 6 feet thick, underlain by till, which forms the 
slightly ascending surface next we!st. 

The base of the second Pembina mountain, in the east half of 
section 31, T. 161, R. 56, varies from 1,235 feet at the south to 
1,220 feet northward, coinciding nearly w^ith the upper Herman 
shore of Lake Agassiz. A well twenty-four feet deep was- sunk 
near the center of section 30, situated about fifty feet above the 
Tongue river, a few rods back from the verge of its north bluff, 
and was in soil two feet; gravel, nearly all Cretaceous shale, 
eight feet; underlain by gravel, nealy all granite and gneiss, with 
scarcely an intermixture of shale, containing pebbles and cobbles 
up to four inches in diameter, fourteen feet, yielding a perma- 
nent supply of water. This well is close to the base of the 
"mountain," at an elevation of about 1,230 feet. Its bed 
of granite gravel appears to be the upper beach, the overlying 
shale gravel being a delta deposit brought by the Tongue river. 

The surface in the northeast corner of the southwest quarter of 
section 32, T. 161, R. 56, is 1,192 feet. The well here, 14 feet deep, 
is wholly stratified gravel and sand, being a beach deposit of the 
second and third stages in the Herman series. The third beach lies 
about an eighth of a mile east and is a broad ridge of sand and fine 
gravel, a few feet above the land on its west side, with crest. 1,187 
feet. 

The fourth and lowest Herman beach, of similar form with the 
last, but larger, runs a few degrees west of north, through the 
west edge of section 33, 1,175 feet, with depression of 1 to 5 feet 
on its west side, and descent of 25 feet within 30 or 40 rods east. 

The Tongue river, at a bridge near the center of the south half of 
section 28, T. 161, R. 56, about 1,110 feet above sea level; bottom 
land, 10 feet higher; top of the bluffs, about 1,150 feet. Gavins 
creek in the south half of section 20, is about 1,140 feet high; valley, 
40 feet deep and a sixth of a mile wide. 
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The lowest Herman beach forms a massive ridge of sand and fine 
gravel in the northeast quarter of section 29, and the east part of sec- 
tions 20 and 17, T. 161, R. 56, with its crest at 1,175 to 1,180 feet. 

Pembina Delta — The largest tributary of the Red river in North 
Dakota is the Pembina river, which has cut a valley about 400 feet 
deep and a mile wide in the plateau of the "second" Pembma Moun- 
tain. During the recession of the ice-sheet this stream was much 
larger than now, being for a time the outlet of glacial lakes in the 
basins of the Souris and Saskatchewan rivers.^ The delta deposited 
in the margin of Lake Agassiz by the Pembina river, swollen by a 
great affluent from the melting ice fields at the northwest, beyond 
the present limits of its basin, extends about sixteen miles from south 
to north, and has an average width of about five miles with a 
maximum thickness exceeding 200 feet. Its mean thickness 
is probably not less than 150 feet, giving it for its volume 
about two and one-third cubic miles, spread upon an area of 80 
square miles. Four-fifths of this delta lies south of the Pembina 
river reaching nearly to the Tongue river. 

Its elevation in the northwest part of section 17, T. 161, R. 56, is 
1,200 feet; thence northward it rises slowly in two miles to 1,225 
feet in the east part of section 6; and in sections 30 and 31, T. 162, 
R. 56, it varies from 1,220 to 1,227 feet. From this crest of the 
southern part of the delta it slopes slowly east and northeast to 
1.080 and 1,090 feet at its eastern border, in sections 25, 24 and 13, 
which coincides nearly with the east line of T. 162. R. 56. Deep 
valleys, with frequent tributary ravines, have been eroded in it by 
several small streams. Westward the delta reaches to the base of the 
second Pembina Mountain, the belt, a half to one mile wide, next 
beyond the crest, only about 5 feet lower, being a very flat, beautiful 
prairie, which rises slowly, like the crest, from south to north. The 
elevation of this belt in section 18, T. 161, R. 56, is 1,190 to 1,195 
feet, and in the middle of the east edc::e of section 36, T. 162, R. 57, 
1,221 feet. Farther west there is an ascent of about 1,240 feet at 
the base of the "second mountain." Wells on this area penetrate 
only beds of sand and gravel easy to dig and needing to be curbed 
tQ prevent caving. A large proportion, probably half, of the gravel 
is formed of Cretaceous shale. Water is obtained at depths varying 
from 25 to 60 feet. 



»Mon. XXV, U. S. Geol. Survey, pp. 267-274; Geol. and Nat. Hist. Survrv of Minn., 
Ninth Ann. Report, 1880, p. 342; TTinds Report of the Assiniboine and Saskatchewan 
Exploring Expedition, 1895, pp. 118-168. 
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The part of the Pembina delta thus far described is divided from 
its central and higher part, which is shown in Plate XXIII, by a de- 
pression about a mile' wide, through which a portion or whole of the 
river flowed during much of the time that this delta was being 
formed. In the southwest corner of section 18, T. 162, R. 56, this 
depression is 1,205 feet abovve the sea, being 20 feet lower than the 
area on the south. It extends eastward with a slow descent, and 
rises westward to 1,215 feet, just east of the Little Pembina river, 
in section 15, T. 16S, R. 57. This stream flows through the escarp- 
ment of the "second mountain," to its junction with the Pembina 
river, thus leaving the depression just described, which would seem 
to be its more natural course and taking in its stead a channel that 
is eroded through a portion of the delta 50 feet higher. 

The most elevated point of this delta is about 1,270 feet above the 
sea, near the northwest corner of section 11, T. 162, R. 57, east of 
the Little Pembina and south of the Pembina river, and is nearly 
300 feet above the junction of these streams, one and one-half miles 
distant toward the northwest. Section 12 of this township and the 
west part of section 7, T. 162, R. 56, slope from 1,225 feet on the 
soutK to 1,215 feet on the north ; their southern part is the highest 
land crossed between the depression before mentioned and the Pem- 
bina river by the line dividing these townships. The level of Lake 
Agassiz in its highest stage here was 1,220 or 1,225 feet above the 
sea, being 50 feet b^low the top of the Pembina delta, as is shown 
by the beach line of this level, 1,226 feet, in the central part of 
section 7, where an eastward descent begins. This is the east verge 
of the nearly flat area of the delta in sections 12 and 7. Like all of 
this delta deposit the material here is sand and gravel, covered by 
a fertile soil. A small proportion of the pebbles of this gravel is 
limestone; a large part is Cretaceous shale, but more was derived 
from Archean formations of granite and gneiss. 

The second Herman beach, a ridge of the usual form, is crossed 
by the road near the east side of the northeast quarter of section 7, 
T. 162, R. 56, descending from 1,212 feet to about 1,200 feet in a dis- 
tance of a third or a half of a mile from north to south. 

A well 110 feet deep, in the northwest quarter of section 8, T. 
162, R. 56, at an elevation of 1,189 feet, is in stratified sand and 
gravel, with pebbles up to six inches in diameter, fully half Cretace- 
ous shale. Water conu s in coarse sand at the bottom, filling the low- 
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est two feet. Another well of the same description, but 137 feet 
deep, is a mile farther east, in the southwest quarter of section 4, 
1,192 feet above the sea. 

On the road from Olga to Walhalla the crest of the east margin 
of this delta is crossed in the north part of section 33, Walhalla town- 
ship, about two miles southeast from the village of this name. Its 
elevation is 1,190 to 1,196 feet above the sea. This is a beach ac- 
cumulation, belonging to the third Herman stage. Toward the west 
and southwest the undulating delta plateau is 10 to 30 feet lower for 
a width of one to one and one-half miles, averaging about 1,175 feet. 
Northeast from the crest of this road a short descent is made to a 
prairie terrace, 30 to 60 rods wide, varying in elevation from 1,182 to 
1,169 feet, but mainly within 2 feet above or below 1,175 feet In 
general the edge of this terrace is its lowest portion. Thence a very 
steep descent of 169 feet is made on the road from 1,173 to 1,004 
feet, this being the conspicuous wooded escarpment called the "first 
mountain." It is the eroded front of the great Pembina delta, the 
eastern part of which originally descending more moderately, has 
been swept away by the waves and shore currents of the lake dur- 
ing its Norcross, Tintah, Campbell and McCauleyville stages. From 
section 33 the "first mountain" extends southeast to sections 13 and 
24, T. 162, R. 56, and northwest across the Pembina, passing just 
southwest of Walhalla and onward to sections 10 and 3, T. 163, R. 
57. Its highest part is intersected by the Pembina river, above which 
it rises on each side in bluffs of gravel and sand, 200 to 250 feet 
high, w^ith their crest one-half mile to a mile apart. From this up- 
per portion the delta slopes down gradually toward the southeast and 
toward the northeast and north, extending only two to four miles 
north of the Pembina. 

The surface at Walhalla is 968 to 994 feet ; Pembina river at the 
bridge, a third of a mile east of Walhalla, at low and high water, is 
934 to 943 feet. 

The highest part of the Pembina delta north of the Pembina river 
in sections 25 and 26, T. 163, R. 57, is 1,210 to 1,230 feet, rising 
slowly from east to west ; in the west half of section 26 and the east 
edge of section 27 it is depressed to 1,225 and 1,220 feet; but beyond 
this it rises to 1,235 and 1,240 feet, next to the foot of the "second 
mountain." 
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The surface at the quarter-secticn stake on the north side of sec- 
tion 26, T. 1G3, R. 57, is 1,191 feet. The crest of the third Herman 
beach five rods south of the stake, is 1,197 feet above sea level, from 
which there is a descent in five rods to 1,192 feet and in 15 rods to 
1,180 feet. This beach curves thence to the northwest and north, 
and in the opposite direction runs east-southeast two miles to near 
the center of section 30, Walhalla township, where its elevation is 
approximately 1,192 feet. Other shore lines of the Herman group 
were not noticed north of the Pembina river. 

From the erosion of this tirst remoina iviountain, by the glacial 
Lake Agassiz during its recession, large quantities of gravel and 
sand were swept southward, notably during the Campbell stages of 
the lake, when they were deposited in a very massive curving beach 
ridge that crosses the Tongue river in the west part of T. 161, R. 
55, about seven miles west of Cavalier. 

Through Eden township, and the next 5 miles northward to the 
vicinity of Edinburgh, the Norcross shores on the eastern side of 
"The Mountains" lie mostlv within a half mile to one mile from the 
highest Herman shore. Upon this somewhat steep slope, intersected 
by numerous ravines, neither the Herman shores nor the Norcross 
shores are so distinctly traceable as usual, either by beach deposits 
or by lines of erosion. 

From the northern end of '*The Mountains," near Edinburgh, the 
Norcross shore lines run north-northwestward, passing about two 
miles east of Gardar, less than a mile west of the village of Moun- 
tain, and through the eastern half of section 33, T. 161, R. 56. At 
the locality last named the upper Norcross shore lies about a third 
of a mile east of the lowest Herman beach, and is marked by a 
ridge of gravel and sand 10 to 20 rods wide, with a depression of one 
to four feet on its west side and a descent of about six feet in a 
few rods to the east. Its crest has an elevation of 1,143 to 1,145 
feet, being thirty feet lower than the adjacent Herman ridge. 

The outer border of the plateau of the Pembina delta, forming 
the "first Pembina Mountain," was the Norcross shore of Lake 
Agassiz. After the Herman stage of this lake all its lower levels 
with southward outflow washed the front of the Pembina delta, 
carrying away much of this deposit southward and eastward, and 
producing the steep escarpment, mostly 100 to 175 feet high, by 
which it is bounded on the east. 
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On the more gradually sloping northern edge of this delta, two 
to four miles west of Walhalla, a beach formed during the lower 
Norcross stage passes from east-southeast to west-northwest. In 
the north half of section 23, T. 163, R. 57, where its crest has an 
elevation of 1,135 to 1,120 feet, it is a broad, low ridge, chiefly of 
sand, with fine gravel, containing pebbles up to one or two inches 
in diameter. Most of the gravel is derived from the Cretaceous 
shale of the Pembina Mountain, but a part is of limestone and 
crystalline Archean rocks. A depression of five or six feet, fif- 
teen to twenty rods wide, lies on the southern side of the beach, 
awav from the lake, and its northern side falls off into tlic lacustrine 
area with a gentle slope. 

Two miles farther northwest the Norcross shore-lines, with the 
entire Herman series, leaving the Pembina delta, sweep into the 
great Cretaceous escarpment of the second Pembina Mountain 
with which they coincide for several miles northward, crossing the 
international boundary. 

From Eden township northw^ard to the Pembina delta the courses 
of the Tintah shores, though not exactly traced, are known very 
nearly from the rate of eastward descent of the land and from the 
mapped course of the next succeeding Campbell beach. At one 
locality a Tintah beach ridge was noted, near the middle of the line 
between sections 19 and 18, Kensington township, about two miles 
northward from the town of Park River; but for the next two 
miles or more northward there is a rather irregularly rolling sur- 
face, with no definite beach observable. 

The Tintah shores are only a short distance below those of the 
Norcross stages on the flanks of the Pembina delta and on the lower 
part of the Pembina Mountain escarpment for several miles thence 
northward. 

Beyond Conwav, for a distance of about thirtv-five miles, the 
Campbell shore-line, passing through the west edge of the town 
of Park River and close by the east side of the village of Mountain, 
is almost uninterruptedly an eroded escarpment of till, w^ith east- 
ward descent of twenty to thirty feet, or rarely forty feet, within 
an eighth of a mile or often a less distance. At Park River the 
Campbell escarpment falls rather J)mptly from 1,035 to 1,015 feet 
above the sea; and thence a gentle slope of till sinks about fifteen 
feet lower in a half mile east to the McCauleyvill^je beach and the 
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railroad. In the northwest corner of Dundee township, ten miles 
north of Park River, the escarpment falls from 1,045 to 1,015 feet, 
being steep in the upper half, which consists of till ; then it descends 
more slowly a few feet, also in till, with frequent boulders ; and its 
lower third is a somewhat steep slope of beach sand, and coarse 
gravel. 

From the foot of the escarpment a smoothed surface of till slopes 
gradually eastward, having an estimated descent of 100 feet within 
three miles. In section 2, Gardar township, the crest of the escarp- 
ment, at 1,045 feet, bears a slight ridge of beach gravel and sand, 
two to three feet above the surface of till on the west ; but the face 
of the escarpment, here falling twenty-five feet within thirty rods to 
the east, is till, enclosing plentiful boulders of granite and gneiss. A 
few miles farther north, at a distance of about one mile south of 
the village of Mountain the steep slope falls from 1,040 to 1,000 
feet, and is covered with a beach deposit of gravel and sand from 
1,030 to 1,020 feet, while the higher portion and a broader belt form- 
ing its foot, like the lower land extending eastward, are till. At 
Mountain this shore descends thirty feet, from 1,045 to 1,015 feet, 
within a distance of about twenty-five rods. It is wholly till, with 
no associated beach formation, as also are the more gentle slopes 
on both sides, sinking toward the east and rising westward. During 
all the Campbell stages of Lake Agassiz erosion was in progress 
upon this long escarpment ; but in some localities the action of the 
waves in cutting away and removing till was temporarily changed, 
alternating with accumulation of shore deposits of wave-brought 
gravel and sand. 

Erosion of the base of the "first Pembina Mountain" — ^that is, 
the front of the Pembina delta, along a distance of six miles to the 
southeast from Walhalla — supplied an extraordinary, massive 
Campbell beach or embankment, verging from a quarter of a mile 
to nearly one mile in width, which extends eight or nine miles in 
a curving course, convex to the southeast through sections 5, 8, 
17, 20, 29 and 30, T. IGl, R. 3r>, and the south half of section 25, 
the southwest quarter of section 26, and the west half of section 
35, T. 101, R. 56. This broad belt consists of gravel and sand, fif- 
teen to forty feet or more in depth, which were carried southward 
by the shore currents of Lake Agassiz in its Campbell stages, the 
greater portion being transported six to twelve or fifteen miles. 
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The crest or somewhat pilateau-like top of the embankment in its 
course of six miles south of the Tongue river has an elevation of 
1,020 to 1,030 feet above the sea. In its narrower .part north of 
the river, its crest ranges from 1,028 to 1,033 feet along the first 
mile from the river; 1,030 to 1,035 feet along the next mile; and 
1,035 to 1,045 feet, averaging 1,040 feet, in its third and most 
northern mile; passing through the southwest edge of section 29, 
T. 162, R. 55, where it becomes an ordinary beach ridge only twen- 
ty to thirty rods wide, with descent of fifteen feet to the east and 
five feet to the west. The process of accumulation of the exten- 
sive embankment was by transportation of its material along the 
shore that is marked by the beach ridge, and by building it thence out 
into the lake in this long hook bent to the west, which grew grad- 
ually in length and in height until it rose to the lake level, its growth 
afterward being by addition to its width. From its eastern verge 
a slope of the same gravel and sand falls thirty to forty feet in a 
third or half a mile, to a south to north belt of dunes and sand 
ridges, ten to fifteen feet high, which appear to represent the Mc- 
Cauleyville beaches. West of this embankment a basin fifteen to 
forty feet below it, mostly consisting of fertile land, well drained 
by the Tongue river, extends six miles from south to north, with a 
maximum width of about three miles, lying between the embankment 
and the southeastern border of the Pembina delta, which was the 
lake shore during the Norcross and Tintah stages. The prevailing 
course of the coastal currents of Lake Agassiz, and of the trans- 
portation of its beach material here and elsewhere, on both its 
western and eastern sides, was from north to south, as now on 
Lake Michigan, due then and now to the prevailing directions of 
the winds, and especially gales and severe storms, when the broader 
and higher portions of the beaches were chiefly amassed. 

At Walhalla and northwestward the Campbell shore-lines run along 
the base of the escarpment of the Pembina delta, where its steep 
descent is succeeded by a more gentle slope. The principal lower 
Campbell shore, from one-half mile west of Walhalla to two miles 
northwest, is in part a well-developed beach ridge, with crest 
1,030 to 1,035 feet above the sea, but is mostly a terrace eroded 
in the delta deposit, falling from 1,040 to 1,020 feet approximately. 
In the northeast part of section 14, T. 163, R. 57, about three miles 
northwest of Walhalla, the upper Campbell shores form such a 
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terrace, which falls from 1,075 to 1,035 feet; while a more moderate 
slope of sand and fine gravel below, to 1,025 feet at the road run- 
ning from Walhalla, probably represents the lower Campbell stage. 
Three miles farther northwest and about one mile south of the 
international boundary a terrace of gravel and sand in the west part 
of section 34, T. 164, R. 57, marks the Campbell beach of the lake. 
The front of the terrace rises steeply from 1,015 to 1035 feet above 
the sea, and its top has a further gentle ascent of ten to fifteen feet 
in its width of about fifty rods to where it abutts on the base of the 
lowest escarpment of the Pembina Mountain, which rises from 1,050 
to 1,100 feet. From the top of this escarpment a terrace or plateau ' 
of till and underlying Cretaceous shale extends across a width of 
three-fourths of a mile west to the principal Pembina escarpment. 
The upper Campbell level probably passed along the top of the 
sand and gravel terrace, near the elevation of 1,045 feet; the second 
level of the series was near the wttge of this terrace, approximately 
1,035 feet ; and the third and lowest stage coincided with the lowest 
third of its steep front. 

Through a distance of about twenty-five miles from Park River 
to the Pembina delta, the McCauleyville shore, probably marked 
throughout by a deposit of gravel and sand, lies about a half mile 
east of the Campbell escarpment. 

A belt of low dunes in sections 28, 21, and 16, T. 161, R. 55, 
running along the eastern base of the great Campbell embankment 
that was built out to the south from the front of the Pembina delta, 
probably records the McCauleyville stages, approximately at 1,000 
to 980 feet above sea level. North of the Tongue river the Mc- 
Cauleyville shores lie a third to a half of a miTc east of the Campbell 
embankment and beach ridge for a distance of five miles. Thence 
through the next six miles, extending northwest to the Pembina, 
river and Walhalla, they run along the base of the first Pembina 
Mountain, which is the very steep ascent, 100 to 175 feet high, of 
the eroded east border of the Pembina delta plateau. 

The road from Olga to Walhalla, coming down from this plateau 
about a mile southeast of the Pembina river, crosses at its foot a 
terrace of sand and gravel, thirty to fifty rods wide, having an ele- 
vation of 1,000 to 1,009 feet above the sea, which was formed during 
the upper McCauleyville stage. The highest part of the terrace is 
at the point where it rests against the "mountain," and its surface 
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descends a few feet to its northeastern verge. There is next a some- 
what rapid slope to 985 feet at the bottom of a depression about 
fifteen rods wide, beyond which the road passes over the beautifully 
developed lower McCauleyville beach. This ridge is twenty to 
thirty rods wide, with smoothly rounded top at 990 to 993 feet, very 
level along a visible distance of a third of a mile or more of its 
course from southeast to northwest. Its lakeward northeastern 
slope falls about twenty feet within twenty-five rods, and from its 
base a slower descent continues eastward. 

All the land of this vicinity, mcluding the plateau and front of 
the delta, the terrace and beach ridge, the intervening hollow, and 
the flat country on the east, consists of gravel, sand and fine silt, 
belonging to the delta as it was originally deposited, or as it has 
been worked over by the lake waves durmg later stages. Indeed, 
proceeding eastward thirty miles to the Red river at Pembina, St. 
V'incent and Emerson, one crosses only the fine silt which was of like 
origin with the delta but was carried into the lake, or the similar 
alluvial beds that have been laid down from floods of the Pembina, 
Tongue and Red rivers since Lake Agassiz was drained away. 

Between Walhalla and the international boundary the McCauley- 
ville shore lines lie on the western margin of the flat expanse that 
stretches from the Red river to the Pembina Mountain, being a 
quarter of a mile east of the first conspicuous westward ascent. 
In section 2, T. 163, R. 57, about two miles south of the boundary, 
they form a tract of sand and fine gravel, forty to fifty rods wide, 
drier than the adjoining surface on the west and east, passing by 
Elm Point, the eastern limit of the groves, at that place consisting 
mostly of large white elms, which extend outward from the wooded 
Pembina escarpment along sipringy watercourses scarcely depressed 
below the general surface. The elevation of this gravelly tract is 
997 to 1,002 feet. It is not a distinct ridge or even swell, and is 
recognizable chiefly by the contrast of its comparative dryness, 
which has caused it to be selected as the site of farmhouses. The 
adjoining moist and springy land on the east descends fifteen or 
twenty feet in the first third of a mile, but thence the surface 
sinks very slowly to the axial lowest part of the lake basin in this 
latitude at the Red river, its gradients in this distance being gradu- 
ally diminished from fifteen feet to only two or three feet per 
mile. 
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In the portion of the Red River Valley under consideration the 
Blanchard shore lines lie to the east and close to the McCauleyville 
beach. They continue close together and nearly parallel but this 
part of the Blanchard shore has not been followed with leveling. 

Although three pauses in the crustal uplift are shown near Hills- 
boro, on the beach deposits of the same name, yet those stages seem 
to be united elsewhere. This shore line has a general northwest 
and north-northwest course, excepting that it deviates to a north- 
northeastward course for fifteen miles, between the North Branch 
of Park river and Tongue river, turning thus aside to pass by the 
Pembina delta. Although the course of the Hillsboro beach is 
mapped approximately, yet its height is known by leveling in only 
one place, near the centre of section 15, Walhalla township, about 
two and one-half miles northeast of the town of Walhalla, where 
the top of the beach is 940 feet above the sea, rising fifteen feet 
above its base twenty rods distant to the east and bordered by a 
depression of two to five feet on the west. 

In the southern part of Pembina county the Emerado shore curves 
to a north-northeast course, passing by Crystal to Willow creek, 
and thence runs nearly north, crossing the Tongue river about a 
mile west of Cavalier. Along a distance of six miles north from 
Willow creek a low and broad secondary beach ridge, or more likely 
in part an oflfshore sand deposit that was formed a few feet below 
the lake's surface, has an elevation of 890 to 895 feet, with slopes 
sinking a few feet below this on each side. The adjoining surface 
is lacustrine silt, deposited in front of the Pembina delta, and the 
ridge is fine sand which has been somewhat gullied and hummocked 
bv the wind. 

Between the Tongue and Pembina rivers and onward to the in- 
ternational boundary this beach takes a northwestward course. Turn- 
ing to that direction about two miles northwest of Cavalier, it 
thence runs nearly straight ten miles to St. Joseph, being through 
the greater part of the distance a typical beach ridge of sand, 
with scanty layers of very fine gravel. Its crest is mainly 892 to 
SOS fee alx>vc the sea, having a gradual ascent from south to north; 
but as it approaches St. Joseph and the Pembina river its last two 
miles rise 900 and even 905 feet above sea level. The slopes fal' 
commonly five to ten feet northeastward and two to nine feet 
southwestward. The depth of the beach deposit is the same as 
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the fall of its eastern slope, with hard and dark stratified clay be- 
neath. In section 2, and again in section 13, T. 162, R. 55, lying 
two to five miles southeast of St. Joseph, this beach widens into 
sandy tracts, each of which has a width of a quarter of a mile or 
more and is slightly raised, like the typical narrower ridge, above 
the adjacent surface of clayey lacustrine and alluvial silt. About 
a mile north of the Pembina river the Emerado level of Lake Agassiz 
formed a low escarpment of erosion, which passes north-northwest- 
erly by the northeast corner of section 17, T. 163, R. 55. Within 
forty rods or less from west to east it descends about ten feet, from 
905 to 895 feet above the sea, approximately. 

In that part of the Red River Valley under consideration the 
Ojata beaches are found as shown approximately mapped. Tl«tv 
are in general, disconnected accumulations of sand and gravel, 
whose height above sea is about 880 feet, and rise from two to 
ten feet above the surface to the east. 

In the area under consideration, as shown on the map, the Glad- 
stone shore lies about four miles west of Grafton, two to three 
miles west of Auburn, St. Thomas and Glasston, about four miles 
west of Hamilton and Bathgate, and five miles west of Neche. The 
portions examined by Warren Upham, in Grand Forks county, are 
marked by slight erosion in the lacustrine and alluvial silt. 

The course of the Burnside shore is known approximately and 
has been drawn provisionally on the map, Plate XXVIII, in ac- 
cordance with the elevations ascertained by railway surveys, but 
no part of it has been observed to be clearly traceable by either a 
continuous beach ridge or an eroded escarpment. It lies on the 
wide, flat tract of silt which adjoins the Red river, a surface most 
unfavorable for the preservation of definite shore lines. 

Lake Agassiz at the time of the Ossawa beach extended into the 
United States nearly sixty miles, but the only part of this shore 
which has been rocognized and examined south of the international 
boundary is a few miles in Pembina county. In sections 21, 16 and 
17, T. 1G2, R. 52, close south of the Tongue river, at a distance of 
four miles northeast from Hamilton, two or three parallel low% 
beach-like ridges were observed, elevated two to four feet above 
the intervening hollows and general surface, their height being 
between 815 and 820 feet above the sea. Thev run from south- 
east to northwest, and their continuation north of this river was 
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noted at the same height four to six miles northwestward in sec- 
tions 36 and 25, Neche, about two and one half miles east-north- 
east from Bathgate. Both the ridges and the adjoining surface 
are fine silt. 

Lake Agassiz, at the time of the Stonewall beach, probably 
extended on the flat Red River Vallev to a distance of 
about twenty-five miles south of the international boundary, being 
some fifteen feet deep at Emerson, St. Vincent and Pembina, while 
over the site of Winnipeg its depth was about sixty feet. A some- 
what ridged contour upon the otherwise very flat surface of fine 
alluvial silt was noted six to seven miles east of Hamilton and Bath- 
gate. The wave-like and almost beach-like undulations, rising two 
to four feet above the depressions which separates them and above 
the general level, runs north-northwesterly through the east part 
of section 11 and the central part of section 2, T. 162, R. 52', close 
southeast of the Tongue river. Similar contour was also noticed 
in the continuation of this course within a few miles northward be- 
tween the Tongue and Pembina rivers. The height of this belt is 
about 805 feet above the sea. 

The southern end of Lake Agassiz in the Niverville stage was 
near Morris, Manitoba and its level was fifteen to twentv feet above 
the surface where the city of Winnipeg is built. 

Pcfnbina Mountains. A very remarkable series of highlands, 
forming the eastern limit of the elevated plain of the northern part 
of North Dakota and of western Manitoba and the Saskatchewan 
region, extends in a north-northwest course 400 miles, from the 
Pembina Mountains to the Pasquia Hills. Along much of this 
distance, a steep, mountain-like escarpment, which was the west 
shore of Lake Agassiz, rises 500 to 1,000 feet above the bed of 
that lake, now the low plain bordering the Red river and the great 
lakes of Manitoba. Topographically, this line of conspicuous high- 
lands is allied with the Coteau des Prairies by their forming to- 
gether that western ascent from the broad, continuous valley plain, 
which in its southeast part passes from the Red River Valley to 
the lowlands of the basin of the Minnesota river. Both the Coteau 
des Prairies and the Manitoba escarpment consist, beneath their drift 
covering, of nearly horizontal Cretaceous shales, whose continuation 
has been removed by erosion on both sides of the Coteau, but only 
east of the escarpment. 
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The southern end of the Pembina Mountain, where it is reduced 
to rounded hills, about 100 feet above the lowlands at their east 
base and 1,300 feet above the sea, is in section 30, T. 158, R. 56, 
between the south and middle branches of Park river. Thence for 
the next five miles northward this ascent is merely a slope that rises 
fifty or sixty feet, or in some portions only thirty or forty feet, 
within a quarter of a mile from east to west, succeeded beyond by a 
moderately rolling surface with slower ascent westward. Along 
the west line of townships 159 and 160 of range 56 this highland 
rises gradually in its course from south to north, attaining an ele- 
vation about 1,500 feet above the sea: and it holds this height quite 
uniformly northward to the Pembina river, in the south part of town- 
ship 163, R. 57, about five miles south of the international boundary. 
It is a prominent wooded bluff, some 300 feet high, extending in 
a very direct course from south to north or a few degrees west of 
north. From its southern end to the Pembina river the base of this 
escarpment is 1,200 to 1,825 feet above sea level. The width occu- 
pied by its slope varies from a half mile to two or three miles, and 
from its crest a treeless plateau, having a moderately rolling sur- 
face, stretches with slow ascent westward. North of the Pembina 
river its crest sinks to about 1,400 feet, and its base to about 1,025 
feet at the international boundary. 

Where the Pembina river cuts through this escarpment, enter- 
ing the area of Lake Agassiz, the eroded eastern front of its delta 
deposit forms another conspicuous bluflF, about 200 feet high, fall- 
ing in a steep, wooded slope from 1,175 to 975 feet, approximately, 
above the sea level. The delta bluflF, called the "First Pembina Moun- 
tain," is composd of sand and gravel, and lies about five miles east 
of this more prolonged line of highland, which is known in that 
vicinity as the ''Second Pembina Mountain." The latter, through- 
out its entire extent both in North Dakota and Manitoba, is caused 
by the outcrop of a continuous belt of almost level Cretaceous 
strata, mostly overspread by glacial drift. (See Plate XX.) 

The ascent of this highland on the international boundary, where 
it occupies a width of about one and a half miles, is described by 
Dr. G. M. Dawson as follows : 

"The eastern front of the Pembina escarpment is very distinctly 
terraced, and the summit of the plateau, even at its eastern edge, 
thickly covered with drift. The first or lowest terrace, which is 
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about one-third from the praine level toward the top of the es- 
carpment, does not seem to preserve exactly the same altitude. On 
the boundary line its height above the general prairie level was 
found to be about ninety feet, a second terrace 2G0 feet, and that 
of the third level, or summit of the plateau, about 3G0 feet. The 
surface of the first terrace, which is here wide, is strewn with bould- 
ers, as is also that of the second terrace and plateau above. These 
are chiefly of Laurentian gneiss and granite, but a few smaller 
ones of limestone occur. The banks of ravines cutting the top of 
the plateau and draining westward into the Pembina river show 
in some places a great thickness of light colored, yellowish, marly 
drift, with few boulders imbedded in it.'' 

The topographic region of the Pembina Mountains is bounded 
by the escarpment on the east and on the west by the west line 
of range 57 as far north as the south line of township 162, and 
thence north by the west line of range 58 to the boundary. This 
northwest extension of the region is due to the deep valleys of the 
Little Pembina and Pembina rivers. 

All of the streams in this region have cut deep valleys from 200 
to 500 feet deep, which has given rise to the mountainous to- 
pography. Most of the stream valleys dwmdle down to mere de- 
pressions within a few miles west oi the escarpment. In the case 
of the Little Pembina, the valley is deep as far west as the west 
line of range o8, while the valley of the Pembina river is deep and 
precipitous far to the northwest in Manitoba. (See Plate XXI.) 

In section 6, Fremont township, tliere is a peculiar hillock known 
as **Heart Mound'* and to the northwest about one and a half miles, 
there arc a series of similar mounds known as the "Black Hills." 
These rise above the general level of the country from fifty to 100 
feet. They are formed of Pierre slialc, and are remnants left by 
erosion. (See Plate XXIII, Fig.2.) 

Stretching westward from the Pembina Mountains, lies a com- 
paratively flat plain with slow westward ascent, and gently undulat- 
ing surface. It includes the whole of Cavalier county and is formed 
bv the westward extension «~>f tlie flat Ivino: Cretaceous strata of 
the Pembina Mountains covered by glac\al drift of variable thick- 
ness. The relief of this region, althouirh c^reatcr than that of the 
Red River \'allcy. is, liowcver, quite small, and is an example of 
high rolling prairie. The swells of this prairie have their axes 
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as a rule running in either a north-south or an east-west direction. 
The swells are usually about ten feet above the intervening de- 
pressions and rarely exceed twenty-five feet. 

DRAINAGE. 

The Red River Valley is well supplied with streams, but is im- 
perfectly drained, due both to the lack of relief of its surface and 
also to the character of its soil. The main drainage line of the re- 
gion is the Red River of the North which forms the eastern boun- 
dary of North Dakota. Its clay banks are of moderate height, 
from twenty to forty feet, and usually rise gradually on one side 
and with a more precipitous slope on the other. The steep banks 
are on the outer side of the bends of the river. There is little or no 
bottom land. The maximum variability in the height of the river 
is a little less than forty feet. 

The drainage of the region is carried to the Red river by two 
main tributaries, the Park river on the south and the Pembina 
river on the north. The three branches of the Park river, are 
known as the South, Middle and North branches. These unite 
to form the main stream about three miles northwest of Grafton. 
The South Branch of Park river, rising in southeastern Cavalier 
county, flows in a southeasterly direction to the west line of range 
56, and then flowing in an easterly direction to the main stream 
drains a belt of country about four miles wide lying to the north 
of it, and a belt about six miles wide lying to the south. The Mid- 
dle Branch of Park river rises in southeastern Cavalier county, just 
east of the South Branch. It flows in a generally easterly direction 
to the west line of range 54, and thence southeast to its junction 
with the main stream. It drains a belt of countrv about three 

If 

miles wide on either side, except en the northern side of the point 
of its change of direction to southeast, where it lies close to the 
North Branch. The North Branch rises in Cavalier county between 
Milton and Osnabrock and flows in a general southeasterly direc- 
tion to its junction with the main stream. It drains a strip of 
country about three miles wide on cither side. Cart creek is the 
main tributary of the North Branch of Park river and joins it in 
the southeast quarter of section 3, Glen wood township. Cart 
creek is formed by the junction of many small streams rising just 
west of the Pembina escarpment and nearly all joining the main 
stream west of the east boundary of Crystal township. Cart creek 

—10^ 
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drains a fan-shaped area about fifteen miles wide to the west, and 
three miles wide along the main stream. All of the smaller streams 
of the foregoing are dry or nearly so in the summer months. 

In the Red River Valley the area lying between the Park and 
the Tongue and Pembina rivers, and especially east of the Neche 
line of the Great Northern Railway, is imperfectly drained. There 
are many depressions in the surface of the valley which are known 
as sloughs and contain much water in the spring and fall but are 
dry in the summer. A very accurate leveling of this section has 
been made by the state in cooperation with the United States Depart" 
ment of Agriculture, and much drainage work and ditching is now 
in process of construction in this area. Many of these sloughs con- 
tain alkaline or salt waters. 

The Tongue river is the principal tributary of the Pembina river 
in the Red River Valley. Rising about eight miles west of the 
escarpment and with its branches from the Pembina delta, it flows 
in a general northeast course to Bathgate and then in an irregular 
east and north direction to its union with the Pembina in Pembina 
township. It drains an area of about four miles wide to the south 
and about eight miles wide to the north, and contains water the 
year round. 

The Pembina river after leaving the Pembina delta at Walhalla 
flows in a general northeast direction to Neche, and thence 'east by 
a little south to its junction with the Red river at Pembina. It 
carries much water the year round, and is the most important stream 
of the area. It drains a strip of country about five miles wide on 
either side. Its channel is only twenty to forty feet deep. 

In the Red River Valley all of the streams have banks of la- 
custrine soil and clay, and their depth of channel varies from five 
to forty feet, with the exception of the Red river, whose channel 
is much deeper, some eighty feet. 

In the Pembina Mountain region the streams haye cut deep chan- 
nels through the drift and underlying Cretaceous strata. At their 
point of emergence from the escarpment, the valleys of these streams 
vary from 200 to 450 feet in depth. In the majority of cases/that 
of the smaller streams, the channels change to mere depressions 
in the surface from three to six miles west of the escarpment. Not- 
able exceptions to this are the valleys of the South Park, North 
Park, Tongue, Little Pembina and Pembina rivers. In the case 
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of the first three the valleys fade out about ten miles west of the 
escarpment. The Little Pembina river does not pass into the Red 
River Valley region. It rises west of Stilwell and flows in a general 
northerly direction for about six miles where it turns to the south- 
east. On its emergence from the escarpment it runs east for a short 
distance in the Pembina delta, and then flows in a northerly direc- 
tion a little west of the line between the escarpment and the delta 
until it joins the Pembina in section 34, Fremont township. En- 
tering from Manitoba, the Pembina river runs in a deep valley 
through the upland west of the escarpment in a southeasterly direc- 
tion. After leaving the escarpment it continues in a northeasterly 
direction to Walhalla, running through the Pembina delta, where 
its valleys varies from 100 to 200 feet in depth. The Little North 
river is the principal tributary of the Pembina river on the north. 
It enters from Manitoba, flowing in a general southerly direction 
to its junction with the Pembina in section 24, T. 163, R. 58. It has 
cut a deep valley, varying from 200 feet on the north to 450 feet 
on the south. In the majority of cases these streams drain a strip 
of land about three miles wide on either side. ( See Plates XXI 
and XXII.) 

This brings up a subject which may well be briefly considered 
here; namely, the age of the diflFerent valleys which are mentioned 
in this paper. 

The smaller and shorter valleys are undoubtedly of post-glacial 
age. But about the Park, Tongue and Pembina rivers there may 
arise a doubt in the minds of many as to whether they are of post- 
or preglacial age. We are apt to think of glacial erosion as such 
a tremendous leveler of previously existing contours, that in sur- 
veying a glaciated area we ascribe all the minor features of ero- 
sional tofK)graphy to post-glacial time. But in studying the various 
features of the above mentioned rivers one is struck by several 
features which undeniably point to a preglacial existence. 

Primarily there is their great length and in many cases exten- 
sive bottom lands, such as wc usually associate onlv with streams 
of considerable age. We must remember that geologically speaking 
there has elapsed only a short time since the retreat of the conti- 
nental glacier, while to erode a valley the size of the Pembina 
valley is the work of a long period. Compare the length of the 
gorge of the Pembina with other gorges which are known to have 
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existed only since glacial times and the latter sink into comparative 
insignificance. And the Pembina valley can not be properly called 
a gorge; true it has steep, often precipitous sides, but it also has a 
well developed flood plain and in many cases shows remarkably 
good evidences of terraces. All this is not compatible with our 
conception of streams of recent origin. (See Plate XXII, Fig. 2.) 

A second and much more conclusive evidence in favor of their 
preglacial origin is this : In many places on all three rivers, where 
a section exposing the drift and underlying Cretaceous strata was 
obtained, the drift next to the Cretaceous was perfectly fresh and 
unaltered while the Cretaceous itself was very much decomposed 
but yet preserving its main characteristics such as bedding and 
cleavage, in fact having all the characteristics of strata decomposed 
in situ. This invariably would occur on the north bank of the 
stream and often more than half way down the actual depth of the 
valley, where naturally the surface would be protected from erosion 
by the southward moving glacier, the lower surface not being suffi- 
ciently flexible to conform to the steeply pitching surface without 
decrease in erosive power and thus leave the weathered surface in- 
tact ready to receive its mantle of drift. 

This was specially well revealed in the fresh railroad cuts, exam- 
ined in the fall of 1908, where the spur of the Northern Dakota 
Railway Company follows the Tongue river valley to the Cement 
mines. 

Thus it would seem that the occurrance of undoubted fresh drift 
upon decomposed Cretaceous strata, well down the side of a valley 
is conclusive evidence of that valley's preglacial existance. It 
may be mentioned that every place where the glacier had a good 
opportunity of eroding, as in the Red River Valley, the Cretaceous, 
where found in contact with the drift, is fresh and unaltered. 

The high upland rolling prairie, which includes the greater part 
of Cavalier county, and lies to the west of the Pembina Mountain 
is imperfectly drained. There are a large number of intermittent 
sloughs, which contain water during the wet seasons of the year. 
These sloughs are formed by the collection of surface water in the 
depressions of the undulating surface. In the sprinof, a series of 
these sloughs will often contain water enough so that they may 
form a connection with drainage. This is well shown by the series 
running through T. IGl, R. Gl, and T. 162, R. 62, and which drains 
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north into Rush Lake. The lake in T. 163, R. 60, and Rush Lake 
are further evidence of this imperfect drainage. In dry summer 
seasons they do not occupy more than one-half of the area indi- 
cated on the map; and the remaining part affords excellent hay 
land. In wet seasons, these lakes have outlets to the north into 
the Pembina river. The stream shown in T. 163, and 164, R. 64, 
has a shallow coulee and drains northward into the Pembina. 

GENERAL GEOLOGY. 

In this portion of the report, the relations of the district under 
consideration to the neighboring parts of the continent are discussed 
and thus the general relationship as well as the details of the district 
Itself are presented. For this reason it has been found necessary 
to introduce material that is foreign to the immediate topic, but 
which throws light on the broader aspects of the geology of the 
area. 

The Red River Valley is characterized by the lacustrine silts, 
clays, and beach deposits of glacial Lake Agassiz. But the forma- 
tions underlying these deposits and exposed by deep well borings 
are also of interest. Deep wells at Humboldt, Minnesota, Grand 
Forks, and Grafton, North Dakota, and Rosenfeld, Manitoba, have 
shown that rocks representative of the Archean and Paleozoic eras 
underly these lacustrine deposits. 

The crystalline rocks of the Archean, which are chiefly granites, 
gneisses and schists, constitute the foundation upon which rest 
the later sedimentary formations. The Archean was reached at 
638 feet at Humboldt, Minnesota, at 903 feet at Grafton, and at 
1,035 feet above sea level at Rosenfeld, Manitoba. This would 
show that the surface of the Archean had a diip to the west and 
north of about twenty feet to the mile. These rocks probably 
form a part of the great Archean area of Canada and the Lake 
Superior region. 

The Paleozoic era is represented in this area by the Cambrian 
and Silurian formation as shown by well records. The only evi- 
dence of the occurrence of Cambrian strata is furnished by the 
record of the well at Grafton. Here the Archean is overlain by 
288 feet of shales and sandstone which are believed to belong 
to tfte Cambrian. Beds belonging to this age are found associated 
with the Silurian farther north in Manitoba, south and west of 
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Lake Winnipeg. They may or may not be continuous with the 
beds found in the Grafton well, since rocks of this age are absent 
in the wells at Humboldt and Rosenfeld. It is reasonable to sup- 
pose, however, that they were continuous at the time of their depo- 
sition. 

Silurian. Silurian rocks underly a portion of the Red River Val- 
ley and form a wide belt extending along the western shore of Lake 
Winnipeg and to the northwest. Fragments of Silurian limestone, 
containing characteristic fossils, are not uncommon in the glacial 
drift. They were brought into the state by the continental glacier, 
probably from outcrops in Canada. In the Grafton well the beds 
referred to the Lower Silurian have a thickness of 317 feet, in- 
cluding the Galena and Trenton limestones, 137 feet, the Saint 
Peter sandstone, 93 feet, and the Lower Magnesian shales, 87 feet. 
In the deep well at Grand Forks, forty miles south, only one foot of 
Silurian limestone was encountered just above the granite. This 
may indicate either that the Silurian sea in which the strata were 
laid down did not extend far to the south or that, after having been 
deposited, the beds were eroded over this portion of their area, 
leaving only part of their original thickness. The Silurian form- 
ation appears to thicken quite rapidly toward the north, for while 
at Grafton, as already stated, it is 317 feet thick, sixty miles north 
at Rosenfeld, Canada, it has increased to 892 feet. 

Although rocks of the Devonian period are, so far as known, 
absent from North Dakota, they cover a narrow strip of territory 
lying just west of the Silurian area of Manitoba. At Morden, at 
a depth of 412 feet, a well penetrated 188 feet of red and gray 
shales and porous limestone believed to belong to the Devonian. It 
is probable that these strata extend south some distance across the 
boundary. 

CRETACEOUS 

Cretaceous beds lie on the west border of the Archean rocks in 
Minnesota, and farther north, along the west side of the lower part 
of the Red River Valley and of Lakes Manitoba and Winnipegosis, 
they overlie the Lower and Upper Silurian and Devonian strata^ 
which form the floor of this broad flat valley beneath its glacial, 
lacustrine and fluvial deposits. Thence northwestward to the 
Mackenzie river and the Arctic ocean, Cretaceous beds border and 
overlie the western border of the Silurian and Devonian belt. 
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The rocks of this period cover nearly one-half the state and are of 
great economic importance, containing valuable clays, cement rock, 
and artesian waters. 

The Cretaceous beds of Niorth Dakota are a part of a larger 
area which forms a broad belt lying east of the crest of the Rocky 
Mountains and extending north from Texas. They underlie the 
greater portion of the Great Plains region, though they are in small 
part covered by the later deposits of the Tertiary. The beds of 
this period are divided into the Upper and Lx)wer Cretaceous, but 
only the Upper is found in this state. 

The standard upper Missouri section of the Upper Cretaceous by 
Meek and Hayden^ is here given: 

No. 5. Fox Hills group. 

No. 4. Fort Pierre group. 

No. 3. Niobrara group. 

No. 2. Fort Benton group. 

No. 1. Dakota group. 
The elevation composed of Upper Cretaceous strata, forming at 
the south a massive ridge and at the north a bold escarpment, and 
bordering on the west the valley in which Lake Agassiz lay, is called 
in successive portions the Coteau des Prairies, Pembina, Riding and 
Duck Mountains, and the Porcupine and Pasquai Hills. It has 
mostly so thick and continuous a covering of glacial drift that only 
a few exposures of the underlying strata are seen, chiefly where 
channels have been eroded by streams. Throughout their extent of 
800 miles the ridge and escarpment appear to consist mainly of the 
Fort Pierre formation, presenting a thickness of several hundred 
feet of dark shales, mostly soft and somewhat sandy. Under the 
Pierre beds are similar shales belonging to the Niobrara and Fort 
Benton formations, succeeded below by the Dakota sandstone, which 
is not exposed. 

As stated later, the southernmost known exposure of Niobrara 
occurs on the North Branch of the Park river, where it leaves Cav- 
alier county, about three miles north of the Walsh-Cavalier boun- 
dary line, in the northeast quarter of section 13, T. 159, R. 57. The 
South Branch of the Park river was visited and a cursory examina- 
tion made of a few of the better exposures, but no Niobrara out- 
crops were found, but judging by the Pierre, which was exposed 



»Proc. Acad. Nst. Sci. Phila., Vol. 8, 1850, pp. 265-286. 
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just above the river, the lop of the Niobrara was about twenty-five 
to thirty feet below the lowest point the river has eroded before it 
leaves the escarpment. There are some very characteristic layers 
in the lower part of the Pierre, which seem to be harder and more 
resistent than the rest. They vary from an inch up to a foot in thick- 
ness, and consist mainly of shale highly indurated with iron which 
cements the minor cleavage cracks and makes the shale form a con- 
cretionary structure. Where these layers occur they protect the 
underlying softer forroation from erosion, thus forming little shelf- 
like projections, very noticeable wherever they are well exposed. 
Thev invariablv occur near the bottom of the formation, and it is 
from this fact that it is believed that the Niobrara is twenty-five 
to thirty feet below the present stage of erosion of the South Branch 
of the Park. This would give an elevation to the top of the Niobrara 
of not more than 1,125 feet above sea level. It may be less. 

Beginning with the South Branch of the Park river on the south 
and ending with the Pembina on the north, there are several creeks 
that have eroded quite deep yet narrow valleys which cut th^ clifif 
perpendicularly to the face. It is along these that the only promi- 
nent exposures of the Upper Cretaceous occur. As a general rule 
the valleys become deeper as we advance north along the edge of 
the escarpment ; or probably a more correct way to state this ap- 
parent fact would be to say, that as we go northward the valleys ex- 
tend deeper down into the Cretaceous strata. This is much more 
noticeable than the increase in the actual depth of the valleys. The 
cause of this is not so much that the rivers on the north have great- 
er erosive power as the difference in elevation of the Cretaceous for- 
mations, the" top of the Niobrara being about 250 feet higher on the 
Pembina than on the South Park. 

There is a possibility of the existence of a shelf of Upper Cretace- 
ous strata extending east from the escarpment for some distance un- 
der the Red River Valley. This is shown by the possible occurrence 
of the Dakota sandstone at Park river, and the occurrence of the 
Benton and Niobrara in many wells about a mile east of the es- 
carpment. (See Plate XXIV.) 

DAKOTA SANDSTONE. 

At the base of the Upper Cretaceous lies the Dakota sandstone, 
which is of great economic importance in North and South Dakota 
as the source of artesian water. This formation does not outcrop 
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anywhere in the state, and lies at considerable depth below the sur- 
face. In the eastern counties it has been struck at depths varying 
from 1,000 feet and less to 1,450 feet. The Devils Lake well reach- 
ed the sandstone at 1,431 feet and at Jamestown it was encountered 
at a depth of 1,450 feet, while further south it lies nearer the sur- 
face. The water enters the formation where it outcrops along the 
flanks of the Rockv Mountains and Black Hills, and since the beds 
dip towards the east it finds its way through the porous sandstone 
to a great distance from the surface exposures. The rock becomes 
saturated with water and serves as a reservoir for the artesian sup- 
ply. This formation is a very persistent and readily recognizable 
horizon. 

In the absence of exposures within the state, information con- 
cerning the character of this formation is derived partly from 
descriptions of it as found elsewhere and partly from the records 
of deep wells. The rock is a gray and brown sandstone containing 
layers of clay or shale. At the base of the formation there is some- 
times a conglomerate. The sandstone varies from that which is 
quite firm to loose sand which is barely consolidated and is fre- 
quently so soft as to be readily excavated with a pick. Fossil leaves 
are very abundant in places, and the flora of the Dakota sandstone 
includes no less than 450 species of trees and other plants resem- 
bling those of today. 

The thickness vanes widely at different points, but it is seldom 
more than 500 feet, and is commonly less. At Morden, Manitoba, 
twenty-five miles northwest of Walhalla, the deep well record shows 
that the Dakota is ninety-two feet thick, formed of sandstone 
with interbedded shales and resting on Devonian strata. Elsewhere 
in the same district outcrops of the sandstone and wells penetrating 
it show that its thickness varies from 50 to 150 feet. 

The beds of the Dakota formation are commonly regarded as of 
fresh water origin on account of the fresh water shells and abundant 
remains of land plants contained in them. In Texas and Kansas, 
• however, marine forms are found and indicate marine conditions 
in those districts. The sandstone was probably formed in large 
bodies of fresh water, the materials composing it being derived from 
the Rocky Mountain region on the west. The waste from the land 
was gathered and transported by streams and deposited in these 
lakes, where it gradually accumulated to form the sandstone strata. 
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It is possible that the eastward extent of the Dakota sandstone 
beneath the Red River Valley is greater than previously supposed. 
Mr. George Honey of Park River reports that in the well at the 
flour mill at that place, after passing through hard pan at 300 feet, 
the drill struck a white sandstone formation which gave water rising* 
to within eighty-five feet of the surface. 

COLORADO FORMATION. 

Overlying the Dakota sandstone is the Colorado formation, in- 
cluding the Benton and Niobrara shales and limestone. These record 
a vast invasion of the interior region by the sea. The eastern 
limit of the Dakota in our latitude was probably in an approxi- 
mate line with the present course of the Red river. THe Col- 
orado, however, perhaps extended eastward almost to the Missis- 
sippi, for in many places in the basin of the Upper Mississippi 
throughout Minnesota, Iowa and Wisconsin, there occur isolated 
patches of deposits which are considered Cretaceous. These may 
have been continuous once with the formations to the west, the 
intermediate regions being entirely denuded of Cretaceous beds 
by erosion; or they may have been originally isolated, but they 
have so many characteristics in common with the corresponding 
formations further west that* it is reasonable to consider them as 
outliers of these formations. Thus in Iowa there occurs a formation 
referred to the Niobrara series of the Colorado which in composi- 
tion and appearance is almost identical with that formation as it 
is found in North Dakota.^ 

Two divisions of the Colorado are recognized, the Benton below 
and the Niobrara above. The Benton consists of shale principally 
while the Niobrara is chiefly calcareous shales and limestones. 
Both are relatively shallow marine deposits. So far as yet known 
their outcrops within the state are confined to Cavalier and adjoin- 
ing portions of Pembina counties. The Niobrara outcrops in sev- 
eral places along the gulches that extend two or three miles along 
the eastern edge of the Pembina Mountain as well as along the 
banks of the rivers. 

BENTON. 

The Benton shale outcrops in only a few places along the Pem- 
bina river, none of the other streams having cut through the over- 
lying Niobrara. (See Plate XXIV.) It is reported by the Cana- 

>Calvin, Iowa Geol. Surv., Vol. Ill, 1803, pp. 213-236. 
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dian geologists to occur quite extensively to the north. The follow- 
ing brief description given by them serves to illustrate its general 
character : 

"Overlying the Dakota sandstones, the Benton occurs as a band 
of dark gray, almost black shale, holding a considerable quantity of 
carbonaceous material. This shale is evenly bedded and breaks 
readily into thin flakes, on which account it generally has sloping 
banks. In the base on Vermillion river, the Benton appears to be 
178 feet thick and further north on the face of the Duck and Por- 
cupine mountains, it is continuously of the same or slightly less 
thickness. It is easily recognized even when good sharp exposures 
are absent by its characteristic property of breaking into more or 
less minute graphite-like flakes and not weathering immediate- 
ly into a soft clay as usually occurs in the less consolidated bed of 
the river. It is generally quite destitute of fossils but in a few places 
undeterminable fragments of oysters and inocerami have been col- 
lected from the shale."^ 

The Benton in most exposures has weathered to a very plastic 
and unctuous clay which is difficult to distinguish from common 
residual clay. The only sure way of determining whether it is 
Benton is to find the contact with the Niobrara above. The strong 
petroleum odor of the Benton serves in some cases to distinguish 
it from residual or alluvial clays. The Benton is reported in places 
to grade insensibly upward into the Niobrara but wherever the 
contact was seen in this region there was found a good^ clean 
and distinct line of separation, unmistakable when once seen. 
The physical character of the two is very dissimilar. The Benton 
is soft, very fissile and becomes plastic on the addition of water. 
The Niobrara is comparatively hard, breaks with a conchoidal 
fracture and ordinarily does not become plastic, even on long ex- 
posure to weathering influences. The contact between the two may 
be likened to the result obtained by sticking a lump of soft putty 
on the under side of a hard brick ; the putty separates easily leav- 
ing the brick projecting over the edge. Thus the Benton can be 
dug from under the Niobrara leaving the latter projecting as a 
sharp and well defined edge. (Plate XXVI, Fig. 1, and Plate 
XXVII.) 



^Tyrrell, Ann. Rept. Can. Gcol. Surv. , Vol. W, part I, report E. , p. 210. 
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The Benton shales have been used for brick making by the Mayo 
Brick and Tile Company whose plant is located on the north bank 
of the Pembina at its confluence with the Little Pembina river, 
section 33, T. 57, R. 163. About 150 feet of shale are found here, 
but of these only the lower .part is suitable for brick making. 

C. H. Clapp describes the properties of this clay as follows: 
"It is of a gray color when dried, is almost black when freshly ex- 
posed and contains many dark carbonaceous particles. Small 
ferruginous concretions are also abundant. Pyrite is found in small 
quantities, being reduced by the abundant carbonaceous matter. In 
the lower beds some of the carbonaceous material has been distilled 
and the clay has a strong odor of petroleum. The clay is fine grain- 
ed with very little grit, but the concretions are more sanely." 

He also gives the following analysis of a sample collected near 

the top of the formation: 

Per Cent. 

Silica 69.90 

Alumina v 10.66 

Ferric oxide 2.32 

Lime 1.07 

Magnesia 2.10 

Volatile matter 6.09 

The clay is manufactured into good hollow brick and drain tile 
which should find a ready sale in the Red River Valley. 

The following detailed sections show the character of the Ben- 
ton and its relation to the overlying Niobrara: 

Outcrop of Benton and Niobrara shale on the Pembina river 
at the plant of the Mayo Brick and Tile Company. 

Feet. Inches. 

8. Glacial drift 3-5 

7. Clay, yellowish, containing two yellow bands, 

much weathered 2 

fi. Clay bands, yellow and black 3 

5. Shale, calcareous, "cement rock" 15 

4. Clay band , yellow 3 

3. Shale, calcareous, "cement rock," various layers, 
more or less weathered but well exposed, Nio- 
brara 165 

2. Shale, black. Benton 15 

1. Unexposed to river 140 

The lower 140 feet of this section referred to as unexposed may 
be only slightly weathered Benton shale as it is difficult to distin- 
guish the fresh shale from some varieties of residual clay. The 
contact between the Benton and the Niobrara is at this place very 
sharp and easily seen in two or three different places. There were 
some springs issuing from the bluff at the contact. 
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The Benton is here a rather soft and plastic clay shale, much 
softer than either the Niobrara or the Pierre. It is black in color 
but weathers to medium gray. It contains considerable iron pyrite, 
which in a fresh cut sample can be seen glistening in the dark 
colored clay. It does not have as marked a petroleum odor as does 
the Niobrara above. The Niobrara at the co;itact is coarse-grain- 
ed and hard, and contains some sand. The Benton can be dug 
away from beneath the Niobrara and parts from it very easily, 
leaving a hard projecting ledge with a smooth even surface. 

The Pembina delta has been referred to previously in this report 
from the topographic view point. Dr. C. P. Berkcy pointed out 
in his paper on the region that the Benton probably extended to 
the east beneath the delta deposit. In examining the exposures 
along the Pembina river from the Mayo plant down to Walhalla, 
various outcrops of the Benton overlain by till were found. The 
last exposure was on the north bank about one-third of a mile east 
of the western boundary of section 36 Fremont township. At 
this point there was an exposure of about twenty feet of Benton. 
This was immediately overlain by till, and a careful examination of 
the thickly overgrown bluff showed that the till was about twenty- 
five feet thick, and was overlain by gravel to the top of the bluff. 
Toward the east the till soon sinks below the level of the river and 
is succeeded by the overlying delta deposit of gravel, sand and finally 
fine silt in the southeast quarter of section 29, Walhalla township. 
(See Plate XXV, Fig. 1.) 

In the valleys of the Little Pembina, Pembina and Little North 
rivers there is a thick growth of brush and weeds, and many slides 
from the bluffs have partially choked the valleys in places. The 
drift of the region is quite free from boulders. The latter are very 
plentiful, however, in the valleys of these streams, where they have 
been left as the concentrates of the sizing action of erosion. 

Outcrop of Benton and Niobrara beds on south bank of Pembina 
river at the "Fish Trap,'* near the middlp of the northern boun- 
dary of section 30, T. IGO, R. 57. 

Feet. Inches. 

6. Soil 3-4 

5. Gravel, coarse, containing glacial boulders of igneous 

rock and many fragments of Pierre shale 30 

4. Sand, fine, with thin layers of clay well stratified 30 

3. Shale, calcareous, "cement rock" 10 

2. Shale, black. Benton r,0 

1. Unexposed 90 
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This outcrop is remarkable inasmuch as it occurs well up on the 
"second mountain*' and yet all of the Niobrara is eroded away with 
the exception of ten feet. Near by on the opposite side Pierre 
shale occurs, which would indicate the Niobrara is there uneroded. 

A short distance above the Fish Trap a small stream enters from 
the north. This is called the Little North river. It has a deep 
but narrow valley, and cuts from the Pierre through the Niobrara 
into the Benton in its short course from the international boundary 
to its junction with the Pembina river. 

An outcrop appearing in the southwest quarter of section 18, 
T. 163, R. 57, shows the following section : 

Feet. Inches. 

r>. Unexposed to top of bluff 

5. Shale, calcareous, "cement rock" 70 

4. Unexposed 35 

3. Shale, calcareous, "cement rock" 25 

2. Shale, black, Benton 20 

1. Unexposed 25 

The cement rock contains numerous small bands of limonite or 
clay highly stained with ferric oxide. The crevices and fissures in 
the rock are also stained. The contact between the Niobrara and 
Benton is very well marked here. 

NIOBRARA. 

The Xiobrara outcrops at numerous localities throughout the 
Pembina Mountain region as far south as the North Branch of the 
Park river. It is exposed in nearly every gully from the Park 
north to the boundary. It is reported by the Canadian Survey 
as outcropping all along the northward continuation of the Pem- 
bina escarpment and in the Tiger Hills. North of the Assiniboine 
river it occurs in Riding and Duck mountains and in the Pasquia 
Hills. It is undoubtedly continuous throughout this region and it 
has very much the same characteristics wherever seen. Dr. A. 
G. Leonard reports the occurrence of similar beds on the Sheyenne 
river near Valley City which he thus describes* : "Both in appear- 
ance and composition it is distinctly unlike the beds referred to the 
Pierre. The clay outcrops near the base of the cut along the Soo 
railroad one and a quarter miles east of Valley City, where twenty 
feet of light gray and cream colored clay appear. The same light 
colc)red calcerous clays are seen along the bluffs of the Sheyenne 
river, at the sharp bend one mile south of town, where the stream 

M'.nirth Biennial Report, N. Dak. (icol. Surv. , p. 101. 
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cuts against the bluff. Here are exposed 100 feet of light gray 
clay breaking into thick irregular pieces and overlain by twenty 
feet of black shale which is undoubtedly Pierre/' The following 
analysis of a sample from the upper layers is given by the same 
writer. The sample was air dried only. 

Per cent. 

Carbonate of lime 46.00 

Carbonate of magnesia 3 . 00 

Silicia 30.70 

Iron and aluminum oxides 15.20 

Moisture and undetermined 6 . 10 

Total 100.00 

This analysis shows a close resemblance to those of typical Nio- 
brara but is higher in silica and lower in lime than the average. 
However, the beds vary much in composition, ranging from forty 
to eighty per ceilt of lime carbonate. But even forty per cent is 
much too high a lime content for any of the Pierre shales since the 
most calcareous of them do not approach that limit. 

The rock constituting the greater part of the Niobrara is very 
easily recognized by one familiar with its characteristics. It is 
a dark gray, moderately hard, calcerous shale. It contains num- 
erous small white specks of lime which cause it to have a finely 
mottled appearance which is plainly seen on a fresh fracture. It 
appears that its lime content is due almost entirely to minute For- 
aminifera, of which a great number may be observed under the 
microscope. Dr. A. G. Leonard has determined two varieties of 
these in specimens collected by him. These are Globigerina ere- 
tacea and Tcxtularia globulosa, both of which are common in the 
Niobrara deposits wherever found. They constitute the greater 
part of the chalk of the European Cretaceous. The theory as to 
the origin of chalk is as follows : 

"There has been much difference of opinion concerning the ori- 
gin of chalk. Its resemblance to the foraminiferal ooze of the deep 
seas long since led to the belief that it was a deep sea deposit ; but 
closer examination has thrown doubt on this conclusion, for it 
appears that the points of difference between the chalk and for- 
aminiferal ooze are as striking as the points of resemblance. Both 
consist largely of the shells of minute protozoans, largely forami- 
nifera ; but with them are associated shells of other types, some of 
which are similar in the two formations and some dissimilar. The 
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echinoderms, the sponge spicules, and the shells of some micro- 
scopic plants found in the chalk, seem to correspond in a general 
way to those of the oozes now forming and are consistent with 
the deep water origin of chalk. The mdluscan shells of the chalk 
on the other hand seem to point with clearness to water no more 
than thirty to fifty fathoms deep. The distribution of chalk, and its 
relation to other sedimentary beds, seem to point to its depo- 
sition in water of moderate depth rather than in water correspond- 
ing in depth to that in which the oozes are now found. That chalk 
may originate in shallow water seems to be clearly indicated by 
various facts which have been observed in connection with coral 
reefs past and present." 

"Another point in diflference between chalk and foramini feral 
ooze is found in their relative proportions of lime carbonate, the 
proportion being much higher in chalk than in ooze. The elevation 
and exposure of the chalk can hardly have led to this difference, 
for the extraction of the relatively soluble lime carbonate, must 
have increased the percentage of the relative insoluble impurities. 
On the other hand, the analysis of chalk, used in this comparison 
may have been from the purer portions of the formation and since 
chalk grades off into chalky clay and chalky sandstone, varieties 
of chalk containing no more lime carbonate than the oozes, are 
doubtless to be found in abundance." 

"One of the peculiarities of the chalk beds is the presence in 
them of abundant nodules of flint and chert, which are not present 
in the modern deposits resembling the chalk. These nodules seem 
to have resulted from the subsequent concentration into concretions 
of the siliceous material (sponge spicules, etc.), deposited with the 
calcareous shells which make up the body of the chalk. On the 
whole, the balance of evidence seems to favor the hypothesis that 
the known chalk deposits were made in relatively shallow water. 
The conditions for the origin of chalk seem to have been clear 
seas with a genial climate. Foramini feral shells may accumulate 
as well on the bottom of a shallow sea as on the bottom of a deep 
sea. The purity of chalk depends ^ot on the depth of the water, 
but on the absence of clastic sediments."^ 

The deposits of the Niobrara in which foraminifera are found 
vary in composition from forty to ninety-five per cent of lime car- 
bonate, or from nearly pure chalk to a highly calcareous shale. 




'Chanibcrlin and Salisbury, Geology, Vol. Ill, pp. 149-150. 
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This goes to show that the foraminifera exist in water ranging 
from that which is clear to that in which active sedimentation is 
taking place. The continual presence of molluscan shells, however, 
shows that this water never became deep in comparison with the 
open ocean of today, 

With the change in composition a corresponding change in the 
texture of the rock occurs. Pure chalk is soft and exceedingly 
friable, but with an increase in the clay content it becomes more 
firm, assuming a dense, massive structure, breaking with difficulty 
with a sharp, clean conchoidal fracture. It shows no fissility like 
shale but upon drying on exposure to the air it tends to part along 
bedding planes. This property is not so well developed, however, 
but that it requires considerable force to break a fragment of dry 
rock even if very porous and apparently cracked in appearance. 
With an increase of the clay content above fifty per cent it begins 
to assume the more characteristic properties of shale. It is not so 
firm and compact; it weathers more easily and crumbles down on 
exposure to the air. 

Wherever the Niobrara is exposed in the Pembina Mountains 
it maintains a fairly uniform character throughout its thickness of 
150 feet or more. By far the greater portion of the aggregate 
thickness is composed of a dark, bluish-gray mottled rock which 
varies from fifty-five to sixty-five per cent of lime carbonate in 
passing from one layer to another. This change in composition does 
not seem to alter the physical appearance of the rock to any great 
degree. Generally the more mottled the rock appears the higher 
it is in lime. Between these thick layers of rock high in lime car- 
bonate are others much thinner, varying from a few inches to a 
foot in thickness, which are much lower in lime. They have a 
clayey appearance and occur in no regular order. These layers, 
both the thick massive ones and the thin clay seams, are lenticular 
in shape and vary much in thickness from place to place, and may 
entirely pinch out within a short distance. (See Plate XXVI, 
Fig. 2.) This indicates rather unstable conditions of sedimentation 
and shifting sea currents. However, the aggregate thickness of the 
Niobrara is much more constant than that of the individual layers. 
The total thickness is about 165 feet where the entire formation is 
exposed in North Dakota. At Morden, Manitoba, the beds are 160 
feet thick and farther north they average from loO to 200 feet in 
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thickness, an extreme of 500 feet being reported at Thunder Hill, 
Manitoba. This is in the northwestern part of the province and 
they reach this thickness only in this one place. It is possible 
that the upper part of the beds here belongs to a calcareous mem- 
ber of the Pierre shale. 

The beds seem to thicken toward the west for at Deloraine a 
well reached the top of the Niobrara at an elevation of 569 feet above 
the sea level and the base at twenty- four feet above sea level, thus 
giving to the Niobrara a thickness of 545 feet. 

The ease with which the Niobrara may be recognized, especially 
the top layers, makes it an excellent datum plane to work from 
in the field. Its top along the Pembina, Porcupine, Riding and 
Duck mountains maintains an approximate height of 1,200 feet 
above sea level. The beds seem to dip toward the southwest at a 
very low angle, probably not exceeding four feet to the mile, which 
might well correspond to the slope of the sea bottom on which 
they were laid down. In general the dip of the Niobrara as a whole 
seems to be southwest, but this is at such a low angle that it is 
impossible to note the dip on any single exposure. The beds as 
before stated average about 1,200 feet above sea level along their 
eastern edge from the Park river northward to Lake Winnipegosis 
in Manitoba. But at Deloraine in Manitoba, just north of the 
Turtle mountains, their top has an elevation of 569 feet, denoting 
a dip of about four feet to the mile. 

At a distance of about a mile east of the Pembina escarpment 
and extending from immediately south of the Pembina delta to the 
vicinity of Edinburg, the Niobrara has been encountered in var- 
ious wells at depths ranging from 60 feet at the north to 150 feet 
at the south. This cannot properly be called an eastward exten- 
sion beneath the Red River Valley on account of its proximity to 
the escarpment, but it does indicate at least a terrace or a shelving 
off of the strata to the east due to erosion by the Red river pre- 
vious to the glacial period. 

The following sections show the details of the Niobrara, together 
with its reflation to the Pierre above and the Benton below: 

On the North Branch of the Park river there are numerous well 
exposed outcrops of Pierre shale and one outcrop of the underly- 
ing Niobrara. This o<icurs on the southeast quarter of section 
13, T. 159, R. 57, where the following section appears: 
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Feet. Inches. 

10. Glacial drift 15-20 

9. Shale, black (5 

8. Clay band , yellow 4 

7. Shale, black 7 

6. Clay band, yellow, similar to No. 4 2 

5. Shale, similar to No. 3 12 

4. Clay band, yellow, which becomes dark blue at a 
distance varying from T)ne to two feet from the 

surface 6 

3. Shale, very dark, carbonaceous, which has marked 
petroleum oder and weathers into small fragments. 
Contains numerous scams highly stained by ferric 

oxide 1.5 

2. Shale, calcareous, "cement rock" (J 

1. Unexposed to waters edge 10 

No. 2 of the above section resembles in every particular the so- 
called "cement rock'* mined on the Tongue river by the Northern 
Cement and Plaster Company. It breaks with a conchoidal frac- 
ture, but has no regular cleavage along bedding planes, though 
generally it is traversed by numerous fissures, mostly at right angles 
to the bedding. It resists the action of water but crumbles very 
easily when dry. A marked feature is a strong odor of petroleum 
which is always found in connection with the fresh rock. 

A sample collected from this outcrop yielded the fallowing re- 
sults upon chemical analysis. 

Per cent. 

Silicia 13.72 

Alumina 5.38 

Ferric iron 2.41 

Calcium carbonate 64 . 2(» 

Magnesia 0. 73 

Sulphur trioxide 0. 75 

Carbonaceous material 8.0<) 

This is the southermost natural exposure of the Niobrara in this 
region. Half a mile to the south a well passed through practically 
the same succession of layers and seven or eight miles further south 
or about four miles west of Edinburg a deep well struck the Nio- 
brara after passing through 150 feet of Pierre shale. 

No. 3 and succeeding yellow layers consist of a very peculiar 
yellowish clay. It is very soft and free from grit, strongly re- 
sembling cheese in its texture. Unlike niost clay however it is 
absolutely devoid of plasticity, crumbling down int^^ an incoher- 
ent mass when moistened. When unweathered it is dark bluish 
but on exposure to air turns very quickly to a yellow color, prob- 
ably on account of the rapid oxidizing of the ferrous salts which 
in contains. It tastes strongly of alum and analysis reveals a 
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high percentage of sulphates, but whether they are combined with 
sufficient alkah'es to form true alums has not been determined. In 
physical appearance these layers resemble the "Bentonite" found 
in the Benton and Niobrara on the Vermillion river in northwestern 
Manitoba. The layer is there about thirty inches thick, 
while numerous thinner layers are distributed all through the Nio- 
brara. On the Tongue and Pembina rivers a single layer of the 
same material was found well up in the Pierre. This seems to give 
to these layers a wide vertical as well as a wide horizontal range. 

Very peculiar conditions of sedimentation must have existed 
when these layers were deposited. Thesie can only be briefly dis- 
cussed here, but it has been suggested that one condition under which 
similar deposits might.be formed would be as follows: That for 
some time there existed very quiet seas, free from currents and not 
much disturbed by winds. These became heavily charged with 
alum which served to settle all fine particles held in suspension 
by the water, as well as serving as a precipitating agent for var- 
ious salts held in solution. The strong alum taste of the shales, 
their fine, uniform character and wide extent tend to support this 
theory, and the settling properties of alum have long been well 
known. 

A very interesting exposure occurs in the southwest quarter of 
section 24, T. 160, R. o7. 

Feet. Inches. 

7. Unexposed to top 

f). Glacial drift 4 

5. Shale 5 

4. Clay band , yellow 2 

3. Shale 25 

2. Clay bands, yellow and black 57 

1. Shale, calcareous, "cement rock" 6 

*An eighty- foot tunnel has here been driven in on a level with the 
yellow and black bands so that they are better exposed at this 
point than anywhere else, and their peculiar features can more 
readily be examined. Here also a bore hole was put down to a 
depth of 150 feet below No. 1 of the above section. At a depth 
of 150 feet the cement rock had not been passed through, but at that 
depth a hard layer was struck which the auger could not pene- 
trate. 

The two-inch yellow seam (No. 4) which is found in the Pierre 
twenty-five feet above the main horizon of black and yellow lay- 
ers is identical in appearance to the yellow bands below. 
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An exposure occurring further down this same valley and near 
the Cavalier-Pembina county boundary line, shows the following 
section : 

Feet. Inches. 
11. Clay and soil with many seams of limonite and 

gypsum 6 

10. Clay bands , yellow and black 5 

9. Shale, calcareous, "cement rock" 4 

8. Limonite 1 

7. Shale, calcareous, "cement rock" 6 

6. Limonite 1 

5. Shale, calcareous, "cement rock" 4 

4. Limonite 1 

3. Shale, calcareous, "cement rock" 5 

2. Shale, calcareous, weathered and bleached 2 

L Shale, calcareous, "cement rock" 3 

No. 2 resembles chalk but it undoubtedly only a weathered var- 
iety of cement rock. The outcrop was in a very sheltered place 
where rain and wind could not easily reach it to wash away the 
weathered surface. A similarly situated outcrop was found on 
the Pembina river, and it also had the appearance of chalk on the 
surface, but on digging into the bank the layer gradually lost its 
chalky appearance and assumed that of the typical cement rock. 

The limonite layers also seem to be a product of this peculiar 
weathering process for in no other place were they found as here. 
They probably originated from some highly ferriferous clay layer, 
from which the more soluble constituents had been washed away. 
These clay layers occur at intervals throughout the cement rock 
and weather more readilv than the rock itself. 

Section found in northwest quarter of section 13, T. 160, R. 57. 

Feet. Inches. 

4. Unexposed, and drift to top of bank 50 

3. Shale 20 

2. Clay bands, white and black 4 

1. Unexposed 20 

Farther west and half a mile upstream, the following section 
was exposed : 

Feet. Inches. 

6. Drift, to top of bank 

5. Shale 35 

4. Clay scam , yellow 2 

3. Shale 25 

2. Clay bands , white and black 5 

1. Unexposed 8 

Section occurring in the northwest quarter of section 12, T. 160, 
R. 57. 
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Feet. Inches. 

7. Unexposed to top 300 

6. Shale : 7 

5. Clay band , yellow 2 

4. Shale 25 

3. Clay bapds, yellow and black 4 

2. Shale, calcareous, "cement rock," with layers of 

limonite which vary from J4 to 1 inch in thickness 6 

1. Shale, calcareous, "cement rock" 4 

At this point the edge of the Pembina escarpment reaches its 
greatest elevation and on that account the sides of the valley in 
which this outcrop occurs are higher even than those of the Ton- 
gue or Pembina valleys though the latter rivers have cut down 
deeper into the geological section, as will be seen by referring to 
the outcrops occurring on those streams. 

When driving over the level and apparently unbroken plain 
which stretches back westward from the escarpment one often 
comes suddenly and without warning to the very brink of these deep 
and steep sided ravines. 

The scene from the edge of one of these canyons, and not far 
from the summit of the escarpment, is most attractive and pictur- 
esque, for the eye looks down on the green, forest covered sides 
of the gorge and out over the fertile Red River Valley, dotted with 
fields of waving grain. 

Outcrop on Tongue river at the plant of the Northern Cement 
and Plaster Company. 

Feet. Inches. 

10. Unexposed to top of bluff 

9. Shale 3 

8. Clay seam , yellow 2 

7. Shale 15^ 

n. Clav scam , yellow ♦ 1 

5. Sha'le 21 

4. Clay bands, alternating yellow and black — 12 yellow 

bands 5^/2 

3. Shale, calcareous, "cement rock" 18 

2. Clay scam , yellow 7 

1. Shale, calcareous, "cement rock," various layers 

to bottom of river 63 

The rock underneath the alternating yellow and black bands is 
very heavily stained with iron along all cracks and joints. It also 
seems to be more massive than any of the layers below. The 
Pierre shale (Xos. 5-10) is full of selenite crystals of varying sizes, 
some specimens being perfectly crystallized, others assuming the 
shape of the cracks in which they are formed. 
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The workings of the cement company reveal very well the char- 
acter of the cement rock at this place. One tunnel extends nearly 
nine hundred feet into the face of the bluff and discloses two small 
faults or slips whose strike is approximately north. They dip at an 
angle of about seventy-five degrees from the horizontal, both dip- 
ping west. They have finely developed fault planes and the sur- 
face where the slip has occurred is very smooth and polished. 
These displacements show that at one time or another there has 
been some slight disturbance, perhaps a slight folding wnth sub- 
sequent faulting. 

The diflferent layers of cement rock vary widely in composi- 
tion. They may show the following or even greater range in 
chemical composition : 

Per cent. 

Calcium carl)onate 35-80 

Silicon dioxide 12 - ^5 

Ferric oxide 3-7 

Aluminum trioxide i- 9 

Magnesium carbonate 0-2 

Sulphur trioxide 0.2.S-0.85 

A remarkably uniform and fine-grained layer, at present being 
used for the manufacture of cement, has the following composi- 
tion: 

Per cent. 

Calcium carbonate .' (h.Oo 

Silicon dioxide 14 . 75 

Alumina and ferric oxide 7.00 

Magnesium carbonate trace 

Sulphur trioxide 0.05 

This material when properly burned and ground makes cement 
which in comparison with the average Portland brands leaves very 
little to be desired. The material is easily mined, it breaks with a 
clean roof and floor, and requires comparatively little timbering. 

Outcrop in the southeast quarter of section 11, T. 1()1, R. 57. 

Feet. Inches. 

7. Unexposed to top of bluff 

6. Shale 6 

5. Clav scam vellow 2 

4. Sha'le, Pierre 10 

3. Unexposed 15 

2. Clay bands, yellow and black <) 

1. Shale, calcareous, **ccmcnt rock" 13 

A mile east of the old ^fcLean P^ost Office, on the same creek 
as the above exposure, the black and yellow bands are exposed in 
a cut recently made in improving the roadway, on the north bank 
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of the creek. They are much decomposed but easily recognized 
upon examination, and are covered with about five feet of sand and 
soil. 

Nearly five miles due north of this place, in the Pembina delta 
a deep well struck cement rock at a depth of sixty feet. About 
six miles south and one mile east of McLean cement rock was 
struck at thirtv feet. This seems to show that the Niobrara exists 
quite generally under the drift and lacustrine deposits of the Red 
River Valley at some distance east of the escarpment. 

Around McLean there is a large district which is copiously fur- 
nished with springs of pure sparkling water. These issue at the 
contact of the drift with the underlying Niobrara, which is hard 
and compact, being impervious to the water which sweeps along the 
upper surface of the gently eastward sloping Niobrara. 

Outcrop on Little Pembina river in the southwest quarter of 
section 3, T. 162, R. 57. 

Feet. Inches. 

6. Gravel and quite large glacial boulders 20 

5. Clay band , yellow 2 

4. Shale, calcareous, "cement rock" 15 

3. Clay seam , yellow 6 

2. Shale, calcareous, "cement rock" 80 

1. Unexposed 40 

This section occurs on the east bank of the Little Pembina and 
is thought to be a part of the Pembina delta. The delta deposit, 
however, is very thin here in comparison with its thickness farther 
east. The delta ends toward the east in a high steep bluff locally 
known as the first mountain. 

Outcrop on the Little Pembina in the northwest quarter of 
section 10. T. 162, R. 57. 

Feet. Inches. 
8. Unexposed to top , gravel and sand 

7. Clay bands , yellow and black 5 

(>. Clay band , black , 9 

0. Clay band , yellow " 2 

4. Shale, calcareous, "cement rock" 15 

3. Clay scam . yellow 6 

2. Shale , calcareous , "cement rock" 75 

1. Unexposed 35 

Outcrop on the Little Pembina, on north bank at the point where 
it turns north after leaving the escarpment, southeast quarter of 
section 22. T. 102. R. 57. 
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Feet. Inches. 

6. Qay bands, yellow and black, much weathered 

and exposed under the overlying black loam .... 3 

5. Shale, calcareous, "cement rock'* 15 

4. Qay seam , yellow 6 

3. Shale, calcareous, "cement rock" IJ^ 

2. Clay seam , vellow 1 

1. Shale, calcareous , "cement rock" 85 

Section on Little Pembina in the southwest quarter of section 21, 
T. 162, R. 57. 

Feet. Inches. 
8. Unexposed 100 

7. Shale 30 

6. Clay band , yellow 3 

5. Shale 30 

4. Clay bands, yellow and black 8 

3. Shale, calcareous, "cement rock'* 18 

2. Clay band , yellow 7 

1. Shale, calcareous, "cement rock" 35 

Outcrop in the southwest quarter section 20, T. 162, R. 57. 

Feet. Inches. 

5. Unexposed to top of bluff 

4. Clay bands , yellow and black 6 

3. Shale, calcareous, "cement rock" 12 

2. Clay band , yellow 7 

1. bhale, calcareous, "cement rock" 12 

Where this section is exposed a four inch seam of coal was 

said to occur, but it could not be found. A six inch seam of red 

earthy hematite is reported in this vicinity and samples of the 

hematite were seen which seemed to be pure and in no way inferior 

to the common grades of red ochre sold for paint. Locally it is 

used to some extent for paint. No definite information could be 

secured regarding the location of this deposit. 

Outcrop on the Little Pembina in the southwest quarter of section 

19, T. 162, R. 57. 

Feet. Inches. 

5. Shale 150 

4. Clay band, yellow 2 

3. Shale 35 

2. Clay bands, yellow and black 10 

1. Shale, calcareous, "cement rock" 10 

In this exposure the thickness of the different layers may be 
distorted for the whole bank had the appearance of having slid 
bodily toward the river. It is the last outcrop on the Little Pembina 
in which any of the Niobrara occurs. There are numerous fine 
outcrops of Pierre for some miles farther up the river and along 
some of its branches. 

Section on the Pembina river in the southwest quarter of section 
3, T. 163, R. 58. 
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Feet. Inches. 

7. Unexposed to top , about 50 

0. Shale, gray, Pierre v 80 

0. Clay bands, yellow and black 9 

4. bnaie, calcareous, "cement rock" 15 

3. Clay band , yellow 3 

2. Shale, calcareous, "cement rock" 50 

• I. ' Unexposed about 200 

Section of beds on the Pembina river in the southeast quarter 

of section 4, T. 1G3, R. 58. 

Feet. Inches. 
9. Unexposed to top of bluff 

8. Shale, gray, Pierre 15 

7. Clay band , yellow 2 

H. Shale . Pierre 30 

5. Clay bands . yellow and black 9 

4. Shale, calcareous, "cement rock" 15 

3. Clay seam , yellow 5 

2. Shale, calcareous, "cement rock" 150 

1. Unexposed 40 

Some of the lower forty feet may be Benton shale, but as the 
fresh rock was hidden by talus dropped from above its reference 
to the Benton is uncertain, although from the thickness of the Nio- 
brara in other places, the Benton should appear near river level, 
though the Xiobrara may be thicker here than farther to the east. 

It is generally difficult to find good outcrops down close to the 
river, since for some distance the bluffs rise gradually, often as 
much as 150 feet, before the steep well exposed portions appear 
which contain the outcrops. 

Section on the Pembina river in the southwest quarter section 
29, T. 1H4, R. 58. 

Feet. Inches. 

8. Unexposed to top of bluff 

7. Shale , gray , Pierre 50 

6. Unexposed 40 

5. Clay bands, yellow and black 5-15 

4. Shale, calcareous, "cement rock" 15-25 

3. Clay band yellow 5 

2. Shale, calcareous, "cement rock" 90 

1. Unexposed 100 

A great slide had just recently occurred in this place when this 
outcrop was examined. This had exposed over a hundred feet of 
Xiobrara, but unfortunately the whole bluff was very much 
faulted, so much so that in no two places did the layers present the 
same appearance or thickness, the whole mass being much distorted 
and disturbed. It is the first exposure of the Cretaceous on the 
Pembina after it leaves Canada. The valley here appears quite 
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as large as it does at Mr. Mayors place, where the Little Pembina 
enters the Pembina. It is wide and deep. Its bottom is usually 
timbered and overrun by vines and tangle weeds. The bluffs 
are timbered with small poplar, while uix)n the level sides larger 
poplar with an occasional oak or other hardwood trees abound. 

On looking over the foregoing sections of Niobrara beds the 
reader will be struck with their similarity over wide areas. Some 
of the overlying yellow clay bands have been traced continuously a 
distance of thirty-five miles and a single band two inches thick for 
twenty-five miles. Over all this area they have very nearly the same 
thickness and the same chemical composition. 

In the Duck Mountains of Manitoba one of the writers has 
seen several outcrops of Niobrara along the Wilson and Valley 
rivers, and in these the same overlying yellow bands appeared, not in 
the same order or thickness, but nevertheless the identical bands. 
They thus appear to be continuous for over 300 miles. 

The underlying Niobrara, though continuous and possessing much 
the same appearance varies greatly in character and chemical 
composition and the individual layers are not so continuous, as 
may be seen from three different analyses made upon rock taken 
from the same horizon in three widely separated places. The 
samples were taken from the layers of rock immediately below 
the first vellow layers referred to in the different sections. 





Sample No. 

13 

Per Cent. 


Sample No. 

4 

Per Cent. 


Sample No. 

16 
Per Cent. 


Calcium cari)onate 

Silicia 


50.80 
17.18 

0.23 ' 

O.70 


1 
1 

2.81 
07.. 51 
2(K«»v*^ 

2.. 5") 

1 


04.70 
14.38 


Iron and alumina 


7.80 


Magnesium carbonate 


0.34 



No. 13 is from the outcrop at Mayo's l>rick Plant. 
No. 4 is from the outcrop on Park river. 

No. ICy is from the outcrop on F*embina just .south of the Canad- 
ian boundary. 



PIERRE SHALE. 

Conformably overlying the Niobrara is the Pierre shale, the 
lower member of the Montana series. The actual contact of the 
two formations is not easy to determine, but approximately it may 



172 CEMENT MATERIALS 



be put at the base of the remarkable series of black and yellow 
bands which occurs at the juncture of the two. These bands pre- 
sent a striking appearance where well exposed. They also have 
a remarkable uniformity throughout a large area, being very 
nearly uniform in number and thickness for a distance of thirty- 
five miles along the eastern border of Cavalier county and extend- 
ing into Canada for an unknown distance, while their occurrence 
near Valley City has been reported by Mr. C. H. Clapp. 

These yellow layers consist of a very fine clay-like substance, 
which is unctuous to the touch but has a very poor plasticity. They 
have a decided astringent or alum taste, and render the water of 
wells in which they occur unfit for use. A case of this kind was 
reported by Mr. W. Doner southeast of Walhalla, where a well 
had been dug through several feet of delta deposit and shale down 
to these alum shales. While these bands are yellow on the out- 
side they invariably change to a dark blue when penetrated be- 
yond the zone of weathenng. This shows that the iron exists in 
a ferrous state, being oxidized to the yellow ferric form on expos- 
ure. A hand sample of the unaltered material was collected but 
in a few days the outside of each lump had turned yellow. 

As to the origin of these yellow layers it may be said that their 
uniformity denotes a period of quiet and even sedimentation and 
probably also very slow deposition in comparison with that preceed- 
ing and following their formation. The water in which the ma- 
terials settled was probably heavily laden with solutions of alum- 
inum sulphate along with a relatively small amount of the alkalies 
which would form alum with the sulphate and thus serve as a pre- 
cipitating agent of the fine slimes present. 

Analyses of the clay forming the yellow layers indicate the fol- 
lowing composition : 

Per cent 

Silicia 49.13 

Alumina 34.87 

Ferric oxidt- 4.39 

Calcium oxide 1.17 

Sulphur trioxide 4.65 

Alkalies and undetermined moisture 5.79 

All of these constituents are soluble in hydrochloric acid except 
the silica, which is left behind in a powdery condition rather than 
in a gelatinous form. This seems to indicate that it is present 
either in a finelv divided free state or verv looselv combined with 
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the alumina. A considerable portion of the alumina is soluble in 
warm water, which indicates the presence of free aluminum sul- 
phate or possibly alum. 

As already noted, these bands preserve a very uniform character 
throughout a very large area in North Dakota, and they also ex- 
tend at least 250 miles northwestward in Canada. Their occur- 
rence was noted in the Cretaceous outcrops in the Riding and Duck 
mountains by V. J. Melsted, where they have exactly the same 
characteristics as in the Pembina Mountains except that they are 
better developed. The lowest layer noted in these northern out- 
crops was thirty inches thick and was overlain and underlain by 
a four-inch band of gritty limestone. The other bands were from 
four to six inches thick. 

The thickness of the Pierre shale varies widely. It is greatest 
in the central part of the state, so far as known, and thins out 
toward the east. This is probably due not so much to actual thin- 
ning of the beds as to the greater erosion which the eastern por- 
tion has suffered. The total thickness left near the edge of the 
escarpment in no case exceeds 450 to 500 feet, while toward the 
west the formation attains a thickness of at least 1,000 feet. 

The Pierre is a gray to black shale, rather soft and free from 
grit. In weathering it breaks up into many small flakes which 
harden when dry and remain fairly hard. It is pebbles of this shale 
which are so abundantly scattered through the soil of the western 
part of the Red River Valley and which are commonly but er- 
roneously called slate. 

The Pierre formation is quite uniform throughout with the ex- 
ception of the lower forty to fifty feet in which are found many 
layers of clay ironstone which on the weathered exposures form 
well defined bands along the bluffs. This is especially well seen 
in the excellent exposures on the Park river half a mile north of 
Milton. The river here flows through a prairie region and its 
banks are for the most part devoid of any timber growth. The 
valley is deep and its sides are steep and in many places cut banks 
afford a clean, well exposed section from top to bottom. 

The composition of the shale varies somewhat from place to 
place in a horizontal section but probably more from top to bot- 
tom. A typical sample was collected on the well exposed banTc 



174 CEMENT MATERIALS 



of a smaller creek north of Union about a quarter mile 
east of where the railroad crosses the creek vallev. It had the 
following composition : 

Analysis of Pierre Shale. 

Per cent. 

Silicia 60.17 

Alumina 17.35 

Ferric oxide 4.91 

Calcium oxide 2.09 

Magnesia • 1.78 

Sulphur trioxide 0.41 

Loss on ignition 10. 11 

In many places, where it is free from inclusions of pyrite, the 
shale is well suited for the manufacture of brick and is used for 
that purpose at various places in Manitoba. There is no reason 
why similar industries should not thrive here, w'here this shale is 
adjacent to suitable transportation facilities. This subject is 
treated more fully in another part of this report. 

Up ham reports that Cretaceous strata haVe not been found 
east of the foot of the highlands of the Pembina, Riding and 
Duck mountains, nor in the regions north and east from Lake 
Winnipeg to Hudson Bay.* It seems quite certain, however, that 
Cretaceous beds originally extended eastward a considerable dis- 
tance, probably so far as to cover the area now occupied by Lake 
Winnipeg. As Hind and Dawson have pointed out, it was by the 
erosion of this eastern portion that this steep line of highlands 
was formed;- and it may be expected that thin remnants of them 
will yet be found in central and eastern Manitoba. 

Horace W Winchell and X. H. Winchell have noted in the re- 
ports of the Geological and Xatural History Survey of Minnesota, 
the eastward continuation of the Cretaceous formations in south- 
ern and central Minnesota: and also to the north, on the Little 
Fork of Rainy river.*'* 

It is known that before the Cretaceous period, when western 
Minnesota and the region of the Upper Missouri were depressed 
and covered by the sea, a deep channel had been cut by some 
river m the Lower Silurian and Cambrian strata of the Minnesota 



iMon. XXV. U. S. G. S.. p. 100 ct seq. 

*H. V. Hind, Report of the A«v«;iniboine ?nd Saskatchewan Exploring Expedition, 
Toronto, l^^>'.». pp. IHS. IrtQ; Narrative of the Canadian Exploring Expedition, Lon- 
don. 18H0. \'ol. II, pp. 4S. :yfi and Srt,**. Ci. M. Dawson. Geology and Resources 
of the Forty-ninth Parallel, 1875. pp. 2r>3. 254. 

Hieol. and Nat. Hist. Survev of Minnesota. Sixteenth .Annual Report, for 1887, pp. 
403-l», 431. 434, l»et>k^y of Minnesota. Final Report. Vols. I and II. 
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Vallev ; but the small width of this channel indicates that the stream 
then flowing there, probably westward, was not larger than the 
present Minnesota river. This and many other streams of similar 
size, flowing into the Cretaceous ocean as it spread to the east 
over the former land surface of Iowa, Minnesota and Manitoba, con- 
tributed part of the detritus which formed the vast mass of sedi- 
ments, probably averaging a quarter of a mile in depth, covering 
most of its area. These beds could be supplied only by the exten- 
sive denudation of the land areas both west and east of the Cretace- 
ous mediterranean sea. 

The great disturbances of the region to the west during the ele- 
vation of the Cordilleran mountain ranges, since the Cretaceous per- 
iod, make it impossible to trace there the course of the larger streams 
entering this sea. On the eastern half of the continent the princi- 
pal drainage system, carrying its vast freight of detritus west to the 
Cretaceous ocean, is probably marked by the chain of great lake? 
from Ontario to Superior ; the west end of which is close to the east 
border of the submerged belt. At that time, and onward through 
the Tertiary era much of this eastern land area af>pears to have been 
elevated at least three hundred feet above its present level, so that 
streams eroded the deep basins which are now occupied by these 
lakes, but which then had a continuous westward descent. It seems 
probable also that other great tributaries may have flowed westward 
and southward into the Cretaceous sea, bringing sediments eroded 
from the areas of Hudson Bav, Lake Athabasca, Great Slave and 
Great Bear lakes. Thus were accumulated in the great Cretaceous 
sea of the interior the thick formations of the Great Plains region. 

Since their elevation above the sea erosion has been slowly but 
constantly wearing away the Cretaceous rocks. When these marine 
and lacustrine deposits were first raised to form land they had a mo- 
notonously flat surface, and they probably extended east, as we have 
seen, over the entire basin of the Red River of the N;orth and the 
great lakes of iManitoba and west as far as the Rocky Mountains. 
The greater part of the present Cretaceous area, though eroded far 
below its original surface, is flat, undulating or moderately rolling 
and constitutes a broad expanse of plains with very slow ascent 
westward. But here and there isolated areas of much higher ground 
as the Turtle Mountains, consist of remnants of horizontal Cretace- 
ous strata which elsewhere hav« suffered denudation. The plains 
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have been formed by the erosion of this vast area to a uniform base 
level, excepting isolated hilly tracts of comparatively small extent, 
which serve to show that on the eastern part of the plains, in North 
Dakota and southwestern Manitoba a thickness of not less than 500 
to 1,000 feet of the Fox Hills and Fort Pierre formations has been 
carried away. But during the same time the erosion about the 
Highwood and Crazy Mountains was from 3,000 to 5,000 feet in the 
horizontally bedded Cretaceous formations. 

When the depth and great extent of this denudation are compared 
with that of the subsequent erosion which formed the Red River 
Valley and the lowland adjoining the Manitoba lakes by the remov- 
al of the former eastward extension of the Cretaceous formations, 
the early base leveling seems probably to have occupied a large part 
of Tertiary time. Its duration apparently coincided with the cycle 
of partial base-leveling which took place in Pennsylvania and other 
eastern states. The termination of this denudation of the Cretace- 
ous area, and its uplift to undergo the erosion of the Red River Val- 
ley and of the present Assiniboine and Saskatchewan valleys, were 
probably also contemporaneous with the gjeat epeirogenic move- 
ment which in California according to Mr. J. S. Diller, ended a long 
cycle of base leveling that had extended through the whole of Cre- 
taceous and Tertiary time, and raised a part of that base leveled dis- 
trict at the beginning of the Quaternary era to form the lofty Sierra 
Nevada*. Again, the same record of long continued base leveling, 
followed by uplift and a new cycle of rapid valley erosion, is found 
by Powell and Button in the plateaus and Grand Canyon of the 

Colorado.- The denudation of these plateaus, when compared with 
the studies thus noted in other regions and with the total erosion of 

the canyon, seems to have required not only the Eocene ind Miocene 
periods but also most of the Pliocene : for the ratio of the general 
denudation to the canyon-cutting must be nearly or quite as great as 
that between the duration of the entire Tertiary era and the compar- 
atively short time since its close. Instead of referring the division 
of these parts of the history of the Grand Canyon district to the be- 
ginning of the Pliocene, as was done provisionally by Dutton, it 
may therefore mark the final stage of the Pliocene and the inaug^ra- 



*F.ighth Annual Report I'. S. Gci^l. Survey, pp. 428-432. 

*Kxploration of the Colorado River of the West. 1875. Geology of the Eastern 
Portion of the l-inta mountains, 1S76. Mon. II., U. S. Geo!. Survey, 1882. Am. 
JoJr. Sci. (3>, Vol. XXXII. pp. 170, 171, Sept., 1886. 
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tion of the Glacial period, with high elevation of all the northern 
part of this continent and of the glaciated northwestern portion of 
Europe.^ 

At the time of the uplifting of the Great Plains near the end of 
the Tertiary period this great base leveled region appears to have 
stretched from the Rocky Mountains to the Archean hills on the 
eastern border of Lake Agassiz, and to have, included also the ex- 
panse of flat or only moderately undulating country which slopes 
gradually from Lake Winnipeg and the upper part of the Nelson 
river towards Hudson Bay. The Tertiary drainage of this district 
from the present sources of the Saskatchewan, Red and Rainy rivers 
to Hudson Bay and Strait, probably formed a great river flowing 
through the Appalachian-Laurentide mountain belt in the deep valley 
which is now submerged to form this strait, and empting into the 
Atlantic between Labrador and Cape Farewell. The depression of 
the lower part of this basin seems referable to the time of the culmin- 
ation and departure of the Quaternary ice-sheet. Between the Ter- 
tiary base leveling and this subsidence a widely extended epeirogenic 
uplift of North Dakota intervened. To this period of late Pliocene 
and early Quaternary elevation belong the erosion of the canyons 
of the Colorado and its tributaries, of the canyons on the slopes of 
the Sierra Nevada, and much river channeling of the plain east of 
the Rocky Mountains. 

The eastern margin of these plains, which probably extended, as 
before stated, over the whole area of Lake Agassiz, was then subject- 
ed to renewed erosion, removing the soft Cretaceous strata over a 
width of a hundred miles or more and to a depth toward the west 
of several hundred feet. Previous to this new cycle of active work 
by the streams. Riding and Duck mountains stood above the general 
level, like the Turtle Mountains and other isolated higher areas 
farther west, and the maximum depth of the late stream-cutting by 
which the trough of the Red River Valley arid Lake Agassiz was 
formed is approximately measured by the height of the Pembina 
Mountain escarpment, which rises 300 to 400 feet from its base to 
its crest throughout an extent of about eighty miles. The greater 
part of this erosion we must attribute to the probably long time of 
elevation preceding, and finally at the climax producing, the ice- 
sheet of the Glacial Period. So far as can be discerned, the entire 
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hydrographic basin of Lake Agassiz may have continued, through 
all these changes of level, excepting when ice-covered, to be drained 
in the same north and northeast direction as during the Tertiary era 
and at the present day.^ 

In the progress of denudation by Tertis^ry base leveling and by 
the later erosion of the depression which was to hold Lake Agaasiz, 
some of the Cretaceous strata have proved more durable than those 
next above and below, and consequently have had a more important 
influence on the topography. This is especially notewortliy in the 
case of the Fort Pierre formation, which forms the upper and main 
part of the gjeat escarpment that borders the west side of the Lake 
Agassiz basin from the Coteau des Praires north-northwest to the 
Saskatchewan river. East of the Red River Vallev in Minnesota 
the similar but less prominent ascent from the flat valley plain doubt- 
less also consists of Cretaceous shales, perhaps chiefly the Niobrara 
and Fort Benton formations, beneath the envelope of glacial drift. 
Farther east and southeast, through northern and central Minne- 
sota, it seems certain that at least many knolls and hills thus far had 
escaped the general Tertiary and early Pleistocene denudation, but 
most of them were leveled during the Ice Age and mingled with the 
glacial drift. Westward from the Pembina and Manitoba escarp- 
ment the Fort Pierre formation generally constituted the preglacial 
surface, and is now the floor on which the drift lies. 

The source of the preglacial rivers flowing from the Cretaceous 
area west of Lake Agassiz. after the late Pliocene uplifting of the 
continent, probably coincided approximately with the present drain- 
age lines throughout the region north of the international boundar}', 
in the Assiniboine. Saskatchewan and Athabasca basins. In North 
and South Dakota, the present channel of the Missouri river, as 
shown bv General G. K. Warren* and bv Prof. T. E. Todd, dates onlv 
from the Glacial Period, this great stream having apparently been 
turned to the west and south by the ice-sheet. Its pr^lacial course 
may have vxcupied the valley of the Tames river, nearly parallel with 
the Missouri of to^lay. or perhaps it continued east to the most south- 
em bend of the Souris river, or to the Sheyenne and Red rivers. 
Professor Todd tinds also in the topography of that region evidence 
that in preglacial time the great tributaries coming from the west 
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to join the Missouri, namely, the Cannon Ball river, the Grand and 
the Moreau rivers, then united, the Sheyenne, and the White rivers, 
flowed east to the valley of the James ; and he is inclined to believe 
that from that valley the great stream formed by these affluents pass- 
ed northeast to the Red River of the North and Hudson Bay.^ That 
the greater part of the excavation of the trough of Lake Agassiz 

could be accomplished by a river of such size during the Lafayette 
period of continental elevation, following the Pliocene period and in- 
augurating the Ice Age, may be readily believed w^hen we compare 
it with the Lafayette erosion of the Mississippi, which from Cairo 
southward along an extent of about 500 miles, formed a channel 200 
to 300 feet deep and averaging sixtv miles wide.= 

Tertiary and early Quaternary erosion had sculptured the grand 
features of the basin of Lake Agassiz, and its whole extent pro- 
bably had approximately the same contour immediately before the 
accumulation of the ice-sheet as at the present time. The sur- 
face of the feldspathic Archean rocks was doubtless in many places 
decomposed and kaolinized as is now seen in regions that have not 
been glaciated, where the rocks are frequently changed to a consid- 
erable depth. On these and all the other rock formations the or- 
dinary disintegrating and eroding agenceis of rain and frost had 
been acting through long ages. Much of the loose material thus 
supplied had been carried by streams to the sea, but also remained 
and was spread in general with considerable evenness over the sur- 
face, collecting to the greatest depth in valleys, while on riJges 
or hilltops it would be thin or entirely washed . away. Except 
where it had been transported in part by streams and consequent- 
ly formed stratified deposits, the only fragments of rock held in 
this mass would be from underlying or adjoining beds. The sur- 
face then probably had more small inequalities than now, due to the 
irregular action of the processes of weathering and denudation 
which are apt to spare here and there isolated cliffs, ridges and hil- 
locks; but most of these minor features have been obliterated by 
glacial erosion or buried under the thick mantle of drift. 

The character of the Pierre shale is well shown in the following 
sections which were measured at a number of outcrops, beginning 
at the south and going north. 



»Proc. Am. Assoc. Adv. Sci.. Vol. XXXIII. 1884, pp. 381-393, with map. 
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The South Branch of the Park river flows through a treeless 
region and even the valley itself is very lightly timbered. It thus 
provides a very good field for the study of the different outcrops 
which occur along its banks. In no place has it cut through the 
Pierre down to the underlying Niobrara, but there arc numerous 
very fine exposures of the Pierre. A typical section taken about a 
mile and a half above where it merges from the escarpment is as 
follows : 

Feet. Inches. 
4. Glacial drift, varying greatly in thickness. In place.> 
it is practically nothing. the soil consisting of shale 
weathered in situ; in other places it is thick, up 
to '2o or 30 feet. It consists of a yellowish clay 
containing boulders of igneous rock in varying 
amounts, but very seldom being entirely free from 
them.Fragments of unweathered shale are very 
rare, in which respect the drift here differs 
greatly from that farther north, where shale 
is a very common constituent, even in places 
furnishing the bulk of the drift. 

3. Shale, dark and uniform in character, var>'ing 
in thickness from a few to a himdred feet. It is 
darker than the underlying shale and contains no 
concretions ; is fissile and weathers easily. The 
weathered product is a black, very sticky clay. 
In places it is quite alkaline 10-100 

2. Shale, medium dark and fissile, and interspersed 
with numerous horizontal bands resembling clay 
ironstone, varying from an inch up to a foot in 
thickness. These are more resistant to erosion 
than the shale and thus form a very striking fea- 
ture of some of the outcrops, as they form little 
ledges or shelf-like projections which give the 
exposure a horizontally banded appearance. The 
shale is ver>- fissile but quite compact and hard 
and does not weather readily. It is from this 
formation that most of the so-called "slate." 
which characterizes the soil of the Red River 
Valley in many places, is derived lo«) 

1. Shale, carbonaceous, very dark and uniform. It 
has well developed cleavage, but is not very 
fissile, and weathers to a brownish plastic clay 30 



A sample of shale taken near the waters edge showed the fol- 
lowing conipv>sition : 

Per cent 

Silicia 75.37 

Alumina 11 .25 

Ferric ir^ n S.75 

Lime 2.98 

Magnesia 3. 15 

Sulphur trioxide 0.58 
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The sample was weathered but was stained slightly yellow 
along the seams, undoubtedly due to a small amount of ferrous 
oxide. It showed no sand on casual examination but a small per 
cent was revealed upon washing the dried sample. 

A sample taken near the top of No. 3 of the section just men- 
tioned showed the following composition : 

Per cent. 

Silicia 0)6.00 

Alumina 8.31 

Ferric oxide 3 . 92 

Lime 1.47 

Magnesia 2.81 

Sulphur trio.xide 53 

Alkalies combined 2.13 

This sample was free from sand and very fine and compact. It 
represents a typical sample from near the top of the Pierre and 
it IS from shale of this composition that the black "gumbo" soil 
is produced. 

Going north the next locality where the Pierre is well exposed 

is a short distance south of l^nion. where a small creek has cut a 

narrow V-shaped valley. There are several good outcrops along 

this stream. The followins: section occurring on the southeast 

quarter of section 25, T. lof), R. 57, is probably the best exposed. 

Feet. Inches. 
4. Glacial drift, yellow, and composed of rather sandy 
clay with large boulders. Tn places it rests directly 
on No. 3, nut in c;thers there is a layer of shale 
above Xo. 3, similar to No. 2 lO-l'") 

3. Pyritic concretions, which near the surface are al- 

tered to limonite. These are very hard and resem- 
ble ihosc found in the horizontal bands previously 
mentioned on the South Hranrh of Park river. . 1 

2. Shale, medium dark, very fissile and all joints 

highly stained with iron 20 

1. Shale, dark, carbonaceous, breakmg into rather 
large conchoidal fragments : has many cracks 
slightly stained with iron 4 

North of l^nion, where the Great Xorthcrn Railway crosses a 

deep ravine, there is a very good outcrop on the northeast quarter 

of section 20, T. 159, R. 57, as shown in the following section: 

Feet. Inches. 

8. Drift and soil 10 

7. Shale, similar to No. 5 10 

0. Concretionary nodules and shale highly stained by 

iron 1 

n. Shale, grayish, very fissile 18 

4. Concretions , similar to No. 2 3 

3. Clay layer, dark yellowish; very soft and plastic, 

free from sand and grit. Shows joints and seams 
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similar to shale but does not resemble clay which 
has resulted from alteration of shale 1 

2. Concretions, very hard and compact lay^r. Appears 

to be shale very highly impregnated with iron . . 2 

1. Shale, very similar to No. 1 in the previous section 6 

A very peculiar feature of this outcrop and one not found else- 
where in the Pierre formation is the one- foot layer of yellow clay, 
No. 3. It was easily traced for a mile along the side of the ra- 
vine and preserved the same thickness and general characteristics 
throughout that distance. It can hardly be referred to as an 
alteration product of the shale as it is overlain and underlain by 
unaltered shale. It is possible that it is a stratum which has been 
the source of springs of water percolating between the two dif- 
ferent layers of shale, but more likely it is a small separate layer 
of the Pierre shale whicTi originally differed from the rest in com- 
position and character. It occurs between strata which differ rad- 
ically in essential features and it may thus represent a transitional 
stage. 

On the North Branch of Park river where it cuts through sec- 
tions 4, 5, and 9, of T. 159, R. 57, there are numerous fine exposures 

of Pierre. The gorge is here deeper than at any other place 
along the river's course, and from a quarter to a half mile wide. 

A description by Warren Upham of an outcrop in this gorge will 

give a good idea of the lower part of the Pierre as it is exposed 

east of Milton. 

"In these places the stream flowing at the base of the bluff removes 
the talus which in other places conceals its lower portion, and the 
section rises with cliff-like abruptness at an angle of sixty to sev- 
enty degrees. 

"Excepting occasional thin beds the whole thickness of the sec- 
tion here exposed is a gray hard shale more or less sandy, divided 
into layers from an eighth of an inch to two or three inches thick, 
and much jointed as it crumbles down into small fragments on the 
weathered surface. Rarely a bed a few inches thick, having the 
general dull color, is harder and less jointed, owing to its cementa- 
tion by carbonate of lime, and occasionally the ordinary shale is 
blackened by the deposition of iron rust and manganese oitide as 
films in the jointage seams, the thickness of the portions thus col- 
ered being usually only a few inches, but in one instance half way 
up the north bluflf three or four feet. Gypsum was obseved only 
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in minute crystals in fissures coinciding with the beds of" stratifi- 
cation ; and in the form of satin spar filling the mold from which 
some shell, usually Inoccramus, has been dissolved away." 

''Fossils are very infrequent but by careful search Baculites 
ovatus and Scaphites nodosus Owen were found, each represented 
by a single specimen ; also numerous Inoccramus casts, mostly Ino- 
ccramus sagcnsis Owen, besides casts and fragments of other 
lamellibranchs, not yet identified; and the teeth of fishes, appar- 
ently Pachyrhizodus latimcutiim Cope and Lamma mtidgci Cope, 
a smaller species. The teeth occur somewhat plentifully in a re- 
markablv hard laver, six inches to a foot thick, about filtv feet 
above the stream. With them this layer contains softer lumps of 
somewhat irregular shape from one third to three quarters of an 
inch in diameter of a light gray color inside with a greenish exter- 
ior, which are probably coprolites. The other fossils were found in 
the shale fragments forming the talus and their place in the section 
was not determined.'*^ 

The harder layers referred to above correspond to what have been 
termed concretions in the previous paragraphs. They really are 
only shale indurated with iron, but the layers are jointed in such 
manner that the loose blocks resemble regular concretions in shape. 
Neither is this the result of metamorphic changes in the shale 
itself but has its origin with the deposition of the shale. The 
so-called "coprolites" above referred to were determined to be al- 
tered pyrite concretions. On weathering the somewhat impure 
pyrite had altered to copiapite. 

Further up stream, north and northeast of the town of Milton, 
there are some fine Pierre shale outcrops differing in no essential 
respects from the ones already described. They are well shown 
from the wagon road north of Milton where it passes along side of 
and crosses the gorge of the North Branch of the Park river. 

For a distance of three or four miles north of the point where 
the above mentioned branch of the Park river leaves the Pembina 
escarpment, there are no natural outcrops of either Pierre or 
Niobrara. The escarpment here seems to be relatively \o\\\ Near- 
ly the entire Pierre has been eroded and in several places well sec- 
tions reveal the drift lying directly on the Niobrara, which is quite 
fresh and unaltered immediately in contact with the drift. The 
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comparatively recent deposition of the drift has prevented altera- 
tion of the freshly glaciated surface of the underlying shale. As 
one passes westward from the edge of the escarpment the surface 
rises gradually and the Pierre forination is well developed.* It 
thus appears that the absence of the Pierre on this restricted area 
is due to abnormal glacial or preglacial erosion rather than to a 
thinning out of the beds. The cause of this undue erosion of the 
Pierre may perhaps be due to a slight anticline in the Cretaceous 
strata which here seems to reach its maximum, thus rendering 
the strata peculiarly susceptible to erosion, especially glacial ero- 
sion. 

An outcrop of Pierre in the southeast quarter of section 30, T. 
I'JO, R. 57, shows the following section: 

Feet. Inches. 

5. Glacial drift 80 

4. Shale, similar to No. 2 10 

3. Yellow band, similar to those in No. 2, and to lay- 
ers occurring on the North Branch of Park river 2 
2. Shale, gray, stained a hrijjfht yellow in fissures and 
containing numerous selenite crystals. This yel- 
low stain in numerous places had formed thick 
hard crusts resembling impure sulphur, and is 
regarded as such by many, but when tested it 

yielded all the reactions of earthy limonite 25 

1. Clay bands, alternating black and yellow 5 

This outcrop is on the north bank of a small stream which at 
this place has cut quite a wide valley. But half a mile further up 
there is only a narrow \'-shaped gorge, while two miles above it 
has dwindled down to a fiat, imperfectly drained marsh. This 
seems to be the general condition of all the smaller streams 
which leave the escarpment. For a short distance from the escarp- 
ment they have large wide valleys rivaling those of the Tongue and 
Pembina rivers in depth and width, but they extend only two or 
three miles back into the upland plain, while the valleys of the 
Tongue and Pembina extend nearly undiminished in size to with- 
in a few miles of their source. 

PLEISTOCENE. 
During the latest geological periovl, immediately preceding the 
Recent, or present period in which we live, the north part of our 
continent was dee])ly enveloped in snow and ice. Every year the 
snowfall was greater than could be melted away in the summer, 
and its depth gradually increased until its lower portion was 
changed to compact ice by the pressure due to the weight of the 
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overlying mass. This pressure also caused the vast sheet of ice 
to move slowly outward from the region of its greatest thickness 
toward its margin. 

Among the proofs of the Glacial Period, it is first to be observed 
that the surface of the bed-rock in the northern drift-covered por- 
tion of Xorth America bears parallel scratches and markings, 
called striae, like those which are found beneath the glaciers of 
the Alps. Only one cause is known which can produce markin.Q:s 
like these and that is the rasping of stones and Ixndders frozen 
in the bottom of the moving mass of ice accumulated upon the land 
in a solid sheet of great extent and depth. As these striae are 
found upon the rocky surface of British America and our own 
country to a southern limit that coincides approximately with the 
course of the Ohio and Missouri rivers, we must conclude that an 
ice-sheet has covered these regions. 

The superficial material that overlies the bed-rock within the 
northern glaciated area has been plow^ed up and worked over by the 
slowly moving ice-sheet, and at its disappearance the greater 
part of this glacial drift was left as a deposit of clay, sand, gravel 
and boulders, mixed in a confused mass which is called till. The 
thickness of the till upon much of the bed of Lake Agassiz is from 
50 to 200 feet, but in some tracts it is only five, ten, twenty or- thirty 
feet. Throughout nearly all of this lacustrine area lying in Min- 
nesota and Xorth Dakota it forms a slieet of such great extent 
and thickness that exposures of the underlying older rocks are very 
rare or wholly absent, none being known in the Minnesota por- 
tion of the basin of the Red river. 

By the directions in which the boulders have been carried from 
their original ledges, and by the courses of the glacial striae, it is 
known that the ice moved in general from north to south. In the 
region of the Great Lakes and westward to the Rocky Mountains, 
the ice-flow was mostly to tlie southwest and south. In western 
Minnesota and eastern Xorth Dakota the ice flowed soutliward 
from Lake Winnipeg to Big Stone lake, and thence southeast into 
northern Iowa, spreading a blue till, with many limestone boulders 
derived from outcroj^s of Silurian limestone strata near Winni- 
peg. 

Besides the striae, till, and transportation of boulders, another 
proof that the drift was f<^rmed by vast sheets of land ice is sup- 
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plied by terminal moraines, or hills, knolls and ridges of drift heap- 
ed along a line representing a stationary period of the ice border. 
These moraines are found stretching in remarkably curved and loop- 
ed courses across the northern states from Nantucket and Cape 
Cod to North Dakota. The outermost one bounds the areas that 
were overspread by the ice-sheet during the latter part of the Glacial 
Period, which has been named the early Wisconsin stage ;^ and 
others mark the lines where the ice border paused or readvanced 
during its subsequent general recession. 

The portion of North America and outlying islands which were 
covered by the ice-sheet and are now overspread with drift have 
an erea of 4,000,000 square miles. The thickness of the ice-sheet, 
known by the limits of glaciation on mountains, increased from 
a few hundred feet in the vicinity of its border to about one mile 
at a distance of 200 to 250 miles inside the border, both in New 
England and British Columbia; and from these data and from the 
courses of glacial movement and distribution of the drift, it is 
computed to have ranged from one to two miles or more in its 
central portions. Probably two-thirds of a mile, or about 3,500 
feet, is a fair estimate of the average thickness, or the mean depth 
of the ice-sheet at its stage of maximum development. In its re- 
cession the ice became the northern barrier of Lake Agassiz, and its 
immense mass probably exercised a great influence in producing 
changes in the relative levels of the land, the lakes and the sea. 

The prevailing courses of glaciation and dispersal of the drift 
have led geologists to recognize the existence of three central areas 
upon which the ice was accumulated in greater depth than elsewhere, 
and from which consequently it flowed outward on all sides. At 
the time of greatest expansion the ice-sheets covered nearly all of 
north America down to forty degrees north latitude. Three dis- 
tinct centres or areas of maximum accumulation of the ice have been 
identified in northern Canada, from which the great ice-sheets 
flowed outward in all directions, though each one of the sheets had 
its own episodes of advance and retreat, so that the same region 
of country was overflowed, now by extensions from one sheet, and 
again by those from another. One of these centres of accumulation 
and distribution lav to the north of the St. Lawrence river, on the 



^"Preliminary paper on the terminal moraine of the Second Glacial Epoch," by T. C. 
Chambcrlin, in the Third Annual Report, U. S. Geol. Survey, pp. 291-402. 

"Glacial phenomena of North America." fnrminjj two chapters in J. Geikie's Great 
Ice age, third edition, 1S9-1, pp. 724-775, with maps. 
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highlands of Labrador, sending its ice mantle southward over the 
Maritime Provinces, New England and the Middle States, as far 
west as the Mississippi river. This is called the Laurentide, or 
Labradorean ice-sheet or glacier. A second centre was near the 
west coast of Hudson Bay, and from this area the ice streamed out- 
ward in all directions, westward to the Rocky Mountains, north- 
ward to the Arctic Ocean, eastward into Hudson Bay, southward 
through Manitoba into the Dakotas, Minnesota and Iowa. This 
grand ice-sheet has been named the Keewatin glacier, from the 
Canadian district of that name. A third centre was formed by the 
Rockv Mountains of British Columbia, which for a distance of 
1,200 miles w^as buried under a great ice-mantle that flowed both to 
the northw^estward and southwestward. 

An ice-sheet similar to that of North America in the Glacial 
Period now covers the Antarctic lands, and another is spread over 
the interior of Greenland. The latter has been so far explored 
that its slopes and altitudes may be compared with the ancient ice- 
sheets oi North America and Europe. In comparing the slopes 
and altitudes of the upper limits of glaciation on mountains in 
Maine, New Hampshire and New York, with those in Greenland, 
we observe the remarkable contrast that the former show gradi- 
ents only about half as steep as the latter. Apparently the condi- 
tions for outflow of the ice in the case of Greenland are similar and 
equally favorable with those which prevailed on our continent in 
the Glacial Period. The comparison therefore suggests that the 
present elevation of the glaciated portion of this continent is pro- 
bably, much changed from that which it had during its epochs of 
glaciation. If. the North American ice-shect during its stages of 
growth and culmination attained steep slopes and high altitudes 
near its borders comparable with the Greenland ice, the records of 
glaciation on our mountains show that during the time of accumu- 
lation of the ice and until it attained its maximum extent the glac- 
iated area was uplifted as a high continental plateau, with the same 
principal topographic features of mountains, valleys and general 
contour as in preglacial and post-glacial times, but having in its 
outer 100 or 200 miles slopes of probably twenty to thirty feet per 
mile, descending from the plateau of the interior of the ice-envel- 
oped country to its margin.^ .Similar uplifting seems also to have 
affected the glaciated northwestern part of Europe, for there, too, 

*Thc Ice Age in North America, p. 695. 
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the slopes and heights of the limits of the drift resemble those of 
North America rather than the Greenland ice-sheet. 

At the end of the Glacial Period, however, the glaciated regions 
are known to have been depressed somewhat below their present 
level. This change seems to have been well accounted for by the 
vast weight of the ice-sheet itself, causing the land to sink finally 
beneath its load and the subsequent rise of the land is an expression 
of the bouyancy of the earth's crust when it had been relieved by 
the disappearance of the ice. The preglacial elevation may well 
have had some effect in producing a cool climate throughout the 
year, with abundant snowfall and resultant ice accumulation ; and 
the subsidence of the burdened land would cause rapid melting of 
the ice upon its borders and thence backward progressively over 
its whole area. 

During the departure of the ice its melting was due to the in- 
fluence of sunshme and rains, the latter being doubtless brought 
then, as now, by great storms sweeping across the continent in a 
northeastward course. In consequence, the borders of the ice- 
sheet appear to have been pushed back generally in the same 
northeastward direction, beginning on the west in the -region of 
the Missouri and upper Mississippi rivers and of the Red River of 
the Xorth, and uncovering successively or almost contemporaneous- 
ly the region of the Laurentian Lakes, N'ew England, and the 
eastern province of Canada. Thus Lake Agassiz was formed in 
the Red River Valley, and the basins of the Laurentian Lakes be- 
came filled by glacial lakes outflowing southwestward to the Mis- 
sissippi, until the outlet from Lake Ontario by the Mohawk and 
Huv'lson rivers was uncovered from the ice. 

Extensive beds of gravel, sand and clay or fine silt, called strat- 
ified or modified drift, were deposited along the avenues of drainage 
frofn the glacial boundary, cspeciallv during its rapid final reces- 
sion. The melting of the lice, with accompanying ravns, pro- 
duced extraordinary floods along all the rivers flowing awav from 
the waning ice-sheet: and these were heavilv laden with detritus 
set free from the lower part of the ice in which it had been held, 
and brought down by the rills and small and large streams formed 
on the melting ice surface. 

This closinc: stage of the Glacial Period was immediately suc- 
ceeded by a time of gre^t erosion of the valley deposits of strat- 
ified drift, as soon as the continued glacial recession beyond the 
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drainage areas of the rivers cut off the supply of water and of 
drift that had heen derived from the melting ice. The resulting 
excavation of the glacial flood-plains has left remnants of those 
deposits in conspicuous terraces along all our river valleys which 
lead southward within the glaciated region or on its southern 
border. 

The direction of the currents of the ice-sheet are shown bv 
the furrows and striae which boulders and gravel frozen in the 
base of the moving ice engraved upon the bed rock over which 
they passed. From these lines of movement the areas of its thick- 
est accumulation and consequent outflow are known. In some 
districts, also, changes in the outlines of the ice border and in its 
slopes and currents during its final retreat are indicated h-^ deflect- 
ed glacial striae w^hich run across the earlier courses. The south- 
westward striation in northeastern Minnesota and the southeast- 
ward striation in the central and southern part of that state belong 
to two convergently flowing lobes of the ice-sheet. The central 
line of the western of these ice-lobes coincided nearlv with the Red 
and Minnesota rivers. This may be named the Minnesota lobe 
of the ice-sheet. Farther west the Dakota lobe stretch'*d from the 
Souris basin and the region of the Turtle Mountains south across 
the east half of North and South Dakota to Yankton, its central 
line being along the valley of the James river. 

On the east Lake Agassiz appears to have been bounded by a 
vast ice-lobe outflowing from the region of Lake Superior and 
James Bay southwest and south to the Lake of the Woods and 
Lake Itasca, representing the earlier convergent lobes of the north- 
eastern and of the western and southern portions of Minnesota, 
while on the west it w-as bounded by the representative of the Da- 
kota ice-lobe, then flowing out from the region of Lake Manitoba 
and Riding Mountain southward. 

The greater part of the drift is derived from points a few miles 
to twenty to fiftv miles awav, in the direction from which the 
ice-sheet moved ; but mingled with this material from compara- 
tively near sources are other portions, fine and coarse, and boulders, 
which have been transported longer distances. The least distance 
from the most western of the Archean boulders to the margin of 
the Archean belt is about 550 miles. 

A glacial lake is a body of water bounded wholly or in part by 
land ice. The very abundant and extensive development of glac- 
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ial lakes which attended the recession of the ice-sheet in the north- 
ern United States and in Canada, was due to the temporary dam- 
ming of the waters of glacial melting and rains on areas whefe 
the land has a northward descent. While the ice-sheet was melt- 
ing away from south to north on such a slope free drainage was 
prevented, and a lake was formed, overflowing across the lowest 
point of what is now the southern watershed of the basin. Many 
of these lakes were of small extent and short duration, being soon 
merged into larger glacial lakes by the continued retreat of the 
. ice, or permitted to flow away where basins sloping northward are 
tributary to main river courses draining southward. 

Five principal evidences of the former existence of glacial lakes 
are found, namely: 1. Their channels of outlet over the present 
watersheds. 2. Cliffs eroded along some portions of the shores 
by the lake waves. 3. Beach ridges of gravel and sand, often, 
in the larger glacial lakes extending continuously for long distances. 
4. Delta deposits, mostly gravel and sand, formed by inflowing 
streams. 5. Fine sediments spread w^idely over the lacustrial 
area. Lake Agassiz has left all these marks of its presence. 

The five or six distinct beaches that were formed at the southern 
end of Lake Agassiz during its outflow southward are represent- 
ed in the northern part by seventeen separate shore-lines, which 
are marked by definite beach ridges. The individual beaches 
at the south, when traced northward, become double or triple, and 
the highest or Herman beach expands into seven successive shore- 
lines. The explanation of these changes of level is found in a 
diflferential uplifting of the lake basin, increasing in amount from 
south to north. 

The departure of the ice-sheets which spread the drift formations 
over the northern part of North America, northwestern Europe, 
and Patagonia, was in each of these great and widely separated 
areas attended by a depression of the land. While each of these 
ice-slicets was melting away, the land which they covered was some- 
what lower than now, and its coasts were partially submerged by 
the sea. These are the only extensive regions of the earth which 
have latelv borne ice-sheets that have now melted, and it seems to 
be a reasonable inference that the vast weight of their burdens of 
ice was an important element in causing their subsidence. Since 
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the disappearance of their ice-sheets, each of these continental areas 
has been upHfted, probably in large measure because of the with- 
drawal of the ice-load. 

Though Lake Agassiz attained vast areal extent, its duration or 
extent in time was geologically brief, as is shown by the small 
volume of its beach deposits and lacustrine sediments in compari- 
son with the Pleistocene lakes of the Great Basin and with the 
amount of post-glacial erosion and deposition on the shores of the 
great lakes tributary to the St. Lawrence and Nelson rivers. It is 
variously estimated that from 6,000 to 8,000 jears have elapsed 
since the recession of tlie ice-sheet. When the bed of Lake Agassiz 
was gradually uncovered from the water of the receding lake, some 
parts of its central plain, through which the Red river flows, pro- 
bably remained as broad, shallow basins of water, which have since 
been filled with fine clavcv alluvium from the river and its tribu- 
taries. 

Deposits left by the ice-sheets are present throughout the whole 
area under discussion. In the Red River Valley they underlie the 
lacustrine clays and silts. The beach deposits of gravel and sand 
due to wave action on the shores of Lake Agassiz have already 
been discussed under topography. West of the Red River Valley 
the glacial deposits are found everywhere, and the underlying 
formations are exposed only where the stream cutting has pene- 
trated through the drift. 

The loose superficial material provided by preglacial weathering 
and stream erosion was generally plowed up and removed by the 
ice-sheet, being carried forward in the direction of its motion and 
mingled with other materials similarly gathered along the path of 
the ice-sheet. Besides the gravel and finer alluvial detritus of 
valleys and a mantle of residuary clay, more or less enveloping all 
the country, occasional boulders and rock masses were supplied 
on the higher lands by the irregular action of the preglacial denu- 
dation, ready to be borne along and deposited in the glacial drift. 
But the ice-sheet commonly did more than remove the loose matef- 
ial previously existing, as is shown by rock surfaces embossed, 
planed and striated by glacial erosion. In general, far the greater 
part of the drift was thus torn oflf, and most of its boulders were 
torn and plucked away from the rock over which the ice-sheet 
moved, grinding it with the drift material contained in its basal 
portion under the pressure of the enormous weight of thousands 
of feet of ice. 
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It should be added, however, that the depth of the glacial ero- 
sion was probably nowhere so great as to change the principal 
and grander topographic features of the preglacial contour. The 
most important influence of glacial action upon the topography was 
usually the removal or partial wearing away of comparatively small 
projecting knobs, and the filling up of depressions and valleys, 
bringing the surface to a more uniform contour than before the 
ice invasion. 

The thickness of the sheet of superficial deposits overlying the 
bed-rock upon the ^rea of Lake Agassiz is shown by wells to vary 
from about 125 feet id 260 feet or more in Minnesota, commonly 
from 200 to 300 feet in North Dakota, and from 50 feet or less 
to 250 feet or more in Manitoba. Wells in North Dakota pass 
into the strata underlying the drift at the depth of 220 feet in 
Fargo, 250 feet in Casselton, 310 feet near Grandin and Kelso, 
and 298 feet at Grafton. 

Till or boulder clay constitutes the greater part of the entire 
sheet of superficial deposits resting on the bed-rock, both within the 
area of Lake Agassiz and upon the adjoining country. But in 
some places this unmodified glacial drift is covered by modified 
drift or the stratified gravel, sand and clay deposited by streams 
which flowed from the ice during its melting, or by lacustrine and 
fluvial sediments. Fully half of the area of Lake Agassiz in Min- 
nesota and North Dakota has a surface of till. Beneath ^the delta 
deposits of gravel and sand, and along the central portion of the 
Red River Valley, where the surface is commonly fine silt or clay, 
a sheet of till lies between these sediments and the bed-rock. 

The till is the direct deposit of the ice-sheet, as is shown by its 
consisting of clay, sand, gravel and boulders, mingled indiscrimi- 
nately in an unstratified mass, without assortment or transporta- 
tion by water. Very finely pulverized rock, forming a stiff, com- 
pact, unctuous clay, is its principal ingredient, whether at great 
depths or at the surface. It has a dark, bluish-gray color, except- 
ing in its upper portion, which is yellowish to a depth that varies 
from five to fiftv feet, but most commonlv betw-een fifteen and thir- 
ty feet. This diff'erence of color is due to the influence of air 
and water upon the iron contained in this deposit, changing it in 
the upper part of the till from protoxide combinations to hydrous * 
sesquioxide. Another important difference in the till is that its 
upper portion is commonly softer and easily dtig, while below there 
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is a sudden change to a hard and compact deposit, which must be 
picked and is far more expensive in excavating. The probable 
cause of this difference in hardness was the pressure of the vast 
w^eight of the ice-sheet upon the subglacial till, while the upper part 
of the till was contained in the ice and dropped loosely at its melt- 
ing. Upon each side of Lake Agassiz the till has a moderately 
undulating and rolling surface. Within the area that was covered 
by this lake it has a much smoother and more even contour, and 
in its upper portion, owing to its manner of deposition in this body 
of water, sometimes shows an imperfect stratification, with a scan- 
tier intermixture of boulders and gravel. Yet even where it has 
distinct lamination it is usually more like till than like ordinary 
modified drift, and contains stones and gravel through its entire 
mass. 

The chief characters of the englacial upper portion of the till, 
as compared with the subglacial lower portion, are its looser tex- 
ture, its more plentiful and larger boulders and smaller rock frag- 
ments, whereas they are mostly w^orn smooth by glaciation in the 
lower till, and the usually more gravelly and sandy and less clayey 
composition of the englacial till, owing to the washing away of much 
of its finer material by superficial drainage. To these originally 
inherent characters we must add the very noticeable post-glac- 
ial change of color of the upper till already mentioned. This 
change has generally extended through the englacial till, stopping 
at the more impervious subglacial deposit. Between the two there 
is also frequently a layer of subglacial stratified gravel and sand, 
from a few inches to several feet thick. The extremes of thick- 
ness of the englacial till appear to range from almost nothing or 
only a few feet for minima, to forty feet or more for its maxima 
near massive terminal moraines and where great currents of the 
ice-sheet converged.^ 

Rock fragments and other drift" enclosed in the ice at a consider- 
able height above the ground were borne forward without attrition. 
The higher part of the englacial drift is thought by Warren Upham 
to have supplied most of the material forming the terminal moraines, 
which, therefore, have a remarkable profusion of boulders and an- 
gular gravel. When the ice-sheet was finally melted, its inclosed 
boulders were dropped, and they now lie frequently as conspic- 



*Bull. G. S. A., Vol. TTT, pp. I.'IIUS. Am. Gcol., Vol. VIII. pp. 376-395, Dec, 1801. 
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uous objects on both the lower and higher parts of the land. Scat- 
tered here and there in solitude on an expanse of prairie, or perched 
on the sides and tops of hills and mountains, they at first suggest 
transportation and stranding by icebergs or floe ice. 

Boulders are frequent or plentiful in the till throughout the area 
of Lake Agassiz, their abundance being nearly the same as in the 
least rocky parts of the till of New England, New York, and the 
country surrounding the Laurentian lakes. Their usual range in 
size extends up to a diameter of four or five feet ; but in a few lo- 
calities, especially in the course of morainic belts, they were observ- 
ed of all sizes up to ten or twelve feet in diameter. Generally as large 
a proportion as ninety-nine per cent of the boulders exceeding one 
foot in diameter consists of Archean granite, gneiss and schists, 
being derived from the Archean area on the northeast and north. 
With these- arc occasional limestone blocks, derived from the belt 
of Paleozoic limestones, constituting on the average perhaps nearly 
one per cent of the large rock fragments of the drift. The bedded 
and jointed character of the limestones has prevented their supply- 
ing many large boulders in comparison with the more massive 
crystalline Archean rocks, yet usually about half of the smaller 
cobbles and pebbles in the till and gravel and sand deposits are 
from these Paleozoic limestones. Upon the Cretaceous area a 
considerable proportion of the gravel and cobbles is derived from the 
Pierre shale but this formation supplies no large blocks. 

Of the twelve moraines noted by Warren Upham, the Ninth or 
Leaf Hills moraine is most important in this district. On the area 
of Lake Agassiz the course of the ice front forming its northern 
border at the time of the Leaf Hills moraine probably extended 
westward from the vicinitv of Maple Lake to Beltrami, the Goose 
Rapids of the Red river, Buxton and Reynolds, and thence curved 
northwestward, passing near Arvilla, Larimore and McCanna, to 
the morainic islands in the -west edge of Lake Agassiz, forming 
the east side of the Elk and Golden valleys. In crossing: the cen- 
tral part of the Red River Valley, the surface is till, containing plen- 
tiful small boulders and gravel, and having slight inequalities of 
contour, the small ridges and swells being five to eight or ten feet 
above adjoining depressions, remarkably in contrast with the very 
flat surface of lacustrine and chiefly alluvial clay and fine silt, con- 
taining no gravel or boulders, which elsew^here is the axial lowest 
portion of this valley plain, continuous, excepting on this belt. 
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from Breckenridge and ^IcCauleyville to Winnipeg, with widths 
on each side of the river varying from a few miles to fifteen or 
twenty miles. Where the Red river has cut through this accum- 
ulation of till it forms Goose Rapids. 

In North Dakota the ice barrier of Lake Agassiz during the ac- 
cumulation of the Leaf Hills moraine is believed to have curved 
to the northwest, extending upon the area of till along the eastern 
side of the sand and silt delta which reaches from McCanna thirty- 
five miles south to Portland. The existence of this large delta, 
evidently due to drainage from the melting ice-sheet without de- 
pendence on the aid of any of the present streams, having been 
deposited by a glacial river flowing southward from the Elk Valley, 
implies that north of it the ice front was deeply incised. The re- 
entrant angle probably moved gradually toward the north from 
near TIatton to Larimore and McCanna and along the whole extent 
of the Elk and Golden Valleys, and the ice-lobes stretched south- 
ward on each side of the delta, but were like the angle, slowly 
undergoing change in their position by a steady or mostly inter- 
mittent recession from south to north. 

The islands of morainic till which rose above the surface of 
Lake Agassiz at its highest stage along a distance of more tlian 
thirtv miles east of the Elk and Golden vallevs, between McCanna 
and Edinburg, were accumulated during this time on the west 
margin of the Minnesota ice-lobe. Their material and that of the 
beach ridges formed from their erosion were derived from the 
north and northeast, and contain scarcelv anv Cretaceous shale 
from the Pembina Mountain area. No glacial currents coming 
from even a few degrees west of north seem to have contributed 
immediately to the formation of this moraine, although during 
earlier stages of the glaciation currents from the north-northwest 
mingled their drift with that from the northeast upon this region. 

Recessional morainic accumulations of till and boulders were 
dropped on the western side of the Minnesota ice-lobe during its 
retreat across the Red River \'alley, where it was rapidly melted 
back by the laving: action of Lake Agassiz, between the chief stages 
of formation of the ninth and tenth or Leaf Hills and Itasca mor- 
aines. In this class may belong the remarkable profusion of bould- 
ers found at a few points in Gilby township, (T. 153, R. 53), one 
of which is commonly called "The Island." Among other note- 
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worthy localities of plentiful boulders, the shores and bed of the 
Salt Lake of Park River, in section 3G, Martin township, (T. 158, 
R. 52), should be mentioned, from which a belt of occasional 
boulders in the lacustrine silt extends northward to the vicinity of 
Glasston. 

The ice front forming the northern boundary of Lake Agassiz 
at the time of accumulation of the Itasca moraine probably passed 
not far west of Red and Roseau lakes to the vicinity of Winnipeg. 
Turning southwestward it seems to have reached across the lake 
area to the boulder strewn escarpment of the Pembina Mountain 
east of Thorn Hill, and beyond to have passed south along the west 
shore of Lake Agassiz into North Dakota. The Itasca moraine 
seems to be marked by tracts of notably rolling and hilly surface' 
from one to six miles in width, such as are crossed to the number 
of two or three in a journey from Milton, Osnabrock or Langdon 
southwest to Devils Lake. These morair^ic belts trend mainly 
from southeast to northwest, and were apparently accumulated on 
the southwestern border of the ice-sheet during slight pauses of 
its retreat. 

The southern border of the ice-sheet at the time of the accumu- 
lation of moraines later than this lay to the north of the area under 
consideration. 

In that portion of the area west of the Pembina escarpment the 
rolling prairie with gradual westward ascent is composed almost 
wholly of glacial drift or till. Only those areas which seemed to ' 
possess distinctive terminal morainic characters were mapped as 
such. This differs considerably from the description given by 
Upham, in which deposits have been mapped as continuous bands. 
It was found impossible to consider much of the extent of these 
bands as terminal moraine deposits. 

ECONOMIC GEOLOGY. 

The important natural resources of northeastern North Dakota 
include cement rock, brick shales and clays, sand, gravel, boulders 
and well waters. 

CEMEXT ROCK. 

Work in mapping the outcrops of Cretaceous beds in the Pemr 
bina Mountains was carried on in the field seasons of 1907 and 
1008, the work being largely of a preliminary character. A con- 
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siderable number of samples of the calcareous Niobrara shale have 
been collected and analyzed, and show the general characteristics 
of the "beds. 

The cement rock of the Pembina Mountains was discovered 
some years ago by Professor E. J. Babcock, who subsequently be- 
came interested with sevei;al others in the establishment of a ce- 
ment mill on the Tongue river. The product manufactured is 
a natural hydraulic cement wliich has found a ready market, but 
the industry has until recently been seriously hampered by the 
location of the plant so far from any railroad. Then, too, there 
are no limestone deposits near at hand, so that a true Portland 
cement of constant composition cannot be made in this district. 
But hydraulic cement has been produced which has given good 
tests, nearly as good as Portland requirements. 

There undoubtedly is however a market for a good natural 
cement at a reasonable price which can be used instead of Port- 
land for much minor construction. There is also a field for the 
manufacture of plasters and cement mortars, for which the Nio- 
brara will furnish the raw material. The completion this fall of 
the line of the Northern Dakota Railway Company from Edin- 
burg to Concrete will undoubtedly lend considerable stimulus to 
-the industry. 

The Pembina Portland Cement Company has recently been re- 
organized as the Northern Cement and Plaster Company. The 
products manufactured by the plant at Concrete have been increas- 
ed to include Northern bricklayers' cement, hydraulic cement. 
Northern cement plaster, NortlKTn fiber and Northern stucco. 
With the improvements recently made the plant has a capacity of 
t'JOO barrels per day. 

It is a notable fact that the company does not add gypsum to the 
finished product, and tests made lead us to believe that this would 
materially benefit the product. 

The following analyses of the cement rock are given in addi- 
tion to those presented on the previous pages : 
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Sample No. 

2 
Per Cent. 


Sample No. 

3 

Per Cent. 


Sample No. 

4 
Per Cent. 


Sample No. 

5 

Per Cent 


Silicia 


29.44 
11.00 

3.38 
20.23 

2.17 


19.00 
7.32 
2.08 

30.92 • 
0.07 


28.84 
10.94 

4.94 
22.3:3 

0.09 


41.82 


Alumina 

Iron 


13.97 
4.23 


Lime 

Magnesia 


12.27 
1.43 



2. Lower Niobrara, junction of Pembina and Little Pembina rivers. 

3. Eight foot layer in cliff northwest of junction Pembina and Little 
North rivers. 

4. Top of Niobrara, Little Pembina north of Olga. 

5. Lower Niobrara, Little Pembina two miles south of Pembina river. 

The Xiobrara shale is very low in magnesia as a rule. At the 
bluff from which No. 2 was obtained, the Mayo Brick and Tile Com- 
pany had done considerable sampling and it is reported that the con- 
tent in lime carbonate at the top is very high. 

The manufacture of hydraulic cement and the laboratory tests 
in cement making with North Dakota materials are discussed at 
the end of this chapter. 

SHALES AND CLAYS. 

The following is taken from the Fourth Biennial Report of the 
Survey, which is devoted entirely to a discussion of the clays of 
North Dakota. A description of the geological and geographical 
occurrence of the clays has already been given, so that the follow- 
ing pages will be devoted chiefly to a detailed description of the 
deposits, to the results of the physical and chemical tests, and to 
suggestions as to the uses to which the various clays may be put. 

Benton. The Benton shales, while probably underlying much of 
the central part of the state, outcrop only in the Pembina Mountain 
region, although they have been reported by Upham in the valley 
of the Shcyenne, near Lisbon. In the Pembina region they are 
exposed in the deep valleys of the Tongue. Little Pembina and 
Pembina rivers. About 150 feet of a green and blue clay shale 
exposed on the Pembina is classified as Benton. 

One of the best outcrops is at Mayo, five and one-half miles 
west of Walhalla, in tlic deer) valley of the Pembina river. The 
shales arc here used by the Mayo Brick and Tile Company, and 
were studied in detail. The outcrop is on section 33, T. 163, R. 57, 
andvis opposite the junction of the Little Pembina with the Pem- 
bina. 
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About 100 feet of blue and black shales are shown here, the low- 
er sixty feet of which are not well exposed, bein|^ covered by a slide 
from above. The main deposit is quite uniform. It consists of 
a very fissile clay shale, soft, easily mined and prepared, and slak- 
ing readily. It is of a gray color when dried, is almost black 
when freshly exposed, and contains many dark carbonaceous par- 
ticles. Small ferruginous concretions are also abundant. Pyrite 
is found in small quantities, bemg reduced by the abundant carbon- 
aceous material. In the lower part of the beds some of the car- 
bonaceous matter has been distilled, and the clay has a strong odor 
of petroleum. The clay is fine-grained, with very little grit, but 
the concretions are more sandy. It would be almost impossd)le to 
eliminate these small concretions in crushing, but they may be 
easily crushed and mixed with the clay. 

The unweathered shale, when crushed finely, requires a great 
deal of water, as much as M».:5 per cent, being necessary to bring 
it up to its maximum plasticity, which is only moderate. The 
clay is somewhat sticky. It can, however, be greatly im;:roved 
by weathering. A tensile strength of 108 pounds per square inch 
was obtained from the drv unburned clav. 



The burning tests were as follows : 



Cone No.! Cone No.. 
010 06 



Cone No. I Cone No. Cone No. 



03 



01 



5 



Fire shrinkage-Per ct. 
Absorption —Per cent 

Color 




7.S 

15.8 

Red 

Brown 



9.3 

8 5 
Dark 
Brown 



The bricklets became steel hard when burned to cone 01, and 
were strong. JncijHent fusion occurred at cone ."), and vitrification 
at cone S, but the clay did not become viscous below cone 11. 

A chemical analysis shows the clay ( Xo. OUOl ) to have the fol- 
lowing composition : 

Per cent. 

Sihcia (>!>.0o 

Ferric oxide '2.'\2 

Ahimina 10 . cW 

Lime . 1 .04 

Magnesia 2.10 

Volatile matter O.Ol) 
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A weathered sample (No. 5905) of the slide deposit covering 
more or less the main deposit was also tested. This weathered 
shale is coated and seamed more or less by yellowish and white 
colored material. It consists of gypsum, part of which has been 
reduced by the carbonaceous material to sulphur, and gives con- 
siderable trouble in burning. The material of this was evidently 
deposited near the top of the Benton, which is higher in lime and 
sulphur (containing thin layers of gypsum crystals) than the low- 
er part, and is consequently a much less desirable clay. 

It is a fine-grained clay with little grit, and free from concre- 
tions, although containing gypsum crystals. It is a dark olive gray 
in color. It slaked very easily, and with 30.4 per cent of tempering 
water became very plastic but rather sticky. It had a high air 
shrinkage of 8.0 per cent, but dried w^ithout cracking, possibly due 
to the large tensile strength of 192 pounds. 

Great trouble was experienced in burning; the clay fused incip- 
iently at low temperatures, before all the sulphur was driven off. 
The remaining sulphur reduced the iron so that all the bricks had 
a black color, as have the stiff mud bricks made from it on a large 
scale. As the clay approaches vitrification the imprisoned sulphur 
dioxide bloats the clay and makes it valueless. Probably by very 
careful burning, keeping the clay at low heat for a long time, so 
as to eliminate all the suHhur, it could be burned successfully. 
As it is, pressed brick, hollow brick, and drain tile only can be 
properly manufactured, the thickness through which the sulphur 
gases penetrate being small. The results of the laboratory biirn- 
•ine: tests were: 



Cone No. 
010 



Cone No. Cone No. 
05 03 



Cone No. 
01 



Fire shrinkage-Per ct. 

Color 

Absorption — Per cent. 



1.7 

I't orange 

13.4 






light red 
6.-1 



6.4 

light red 
5.8 



failed by warping 
red brown 
2.4 



The clay becomes incipiently fused at cone 06, was vitrified at 
cone 4, and became viscous at cone 11. No chemical analvsis was 
made of the sample, but it is evidently lower in iron and higher in 
lime than the other un weathered shale, due to the fact that it is 
from a higher horizon. The great difference in plasticity between 
the two samples is interesting, and shows the great influence of 
weathering. 
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C. p. Berkey,^ who has examined this property in the interests 
of its owner, H. A. Mayo, has published two of the following analy- 
ses, and one, made by him, was furnished by Mr. Mayo: 



• 


Sample No. 

1 

Per cent 


Sample No. 
2 
Per cent 


Sample No. 
3 

Per cent 

• 


Silicia 


61.03 
22.07 
6.53 
0.97 
0.51 
7.92 


61.52 
18.65 
4.00 
0.75 
1.32 
8.80 


67.55 


Alumina 

Ferric oxide 


12.40 
5.86 


Lime 

Ma&rnesia 


1.74 
trace 


Water 


10.45 



Sample No. 1 was from near the level of the plant, about seven- 
ty-five feet above the river, while No. 3 was near the top of the Ben- 
ton,and sample No 2 half way between. It is interesting to note 
the decrease in alumina and the increase in lime upwards. 

The clay near the base of the Benton is preferable. It is suitable 
for the manufacture of red front pressed brick, and if ground very 
fine or weathered so as to make it sufficiently plastic it may be 
worked by the stiflf mud machine for making bricks, certain grades 
of hollow ware and tile. 

At present the deposit is not on the railroad, tlic nearest point 
being the Walhalla branch, about five miles east. ' A track could be 
laid down the valley of the Pembina to meet this branch, a distance 
of six or seven miles. The building of this track is contemplated, 
and when constructed should oi)cn up a good market for the plant 
alreadv established. 

Niobrara. The Niobrara formation which overlies the Benton 
and IS not sharply ditTerentiated from it, outcrops most extensively 
in the Pembina [Mountain region, and forms a considerable part 
of the strata exposed by the Tongue, Little Pembina and Pembina 
rivers. It does not, however, contain anv shale valuable as a 
clay. This is due to the high lime content, varying from twenty 
to seventy-five per cent of calcium carbonate. This makes certain 
.beds of It valuable for the manufacture of natural cement, but 
destroys all its usefulness as clay. 

The main part of the formation classified as Niobrara, known 
as "cement rock,** is rather hard and massive, breaking out in large 



'.■\mcrican Geologist, March, 1905, p. 151 
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pieces. It is of a gray coler, and contains white specks of carbon- 
ate of lime. The uppermost part of the Niobrara is chalky in ap- 
pearance, often carrying gypsum, iron concretions and thin layers 
impregnated with alum. The cement shales which are high in 
lime, burn white at low temperatures, and those which are much 
lower in lime cream colored, but none of these are of use in the 
manufacture of clay products. 

Pierre. The Pierre forms the uppermost horizon of the Cre- 
taceous shales, and underlies the entire east central part of the 
state, forming a belt probably a hundred miles wide north and south. 
It is for the most part covered with a thick deposit of glacial drift, 
so that it is only exposed where the larger streams have cut down 
into it. The best outcroos occur along the Pembina, Little Pem- 
bina and Tongue rivers, where these have worked back into the 
escarpment bordering the Red River \^alley. Outcrops are also 
found on the Park, Forest and Turtle rivers. The Shevenne and 
James rivers have also eroded through or into the Pierre shales. 
Along the Shevenne they outcrop at many points from its source 
to points below Valley City. Good exposures occur along the 
James river and Pipestem creek near Jamestow-n and a few miles 
north. The Pierre thus not only underlies the central part of the 
state, but is exposed in many places, and is thus available for use. 

In general the Pierre is quite uniform throughout its whole ex- 
tent. It consists of a dark gray, blue, or black carbonaceous shale. 
It is fissile and weathers easily into thin plates. The shale is 
fine grained but contains a little very fine sand. It also contains 
many small iron concretions which weather out and are seen scat- 
tered an)und the base of an outcrop. This iron stains the clay 
brownish when weathered. Though high in iron, no samples of 
the Pierre are high enough in lime to give any eflfervescence with 
acid. Just what percentage of lime is present it is impossible to 
say, as all the samples were collected too late for a chemical analy- 
sis, but it is undoubtedly low. 

About 300 feet of Pierre shales are exposed in the Pembina 
Mountain region. The lower j)art consists of a very fissile, dark 
gray to black carbonaceous shale. It weathers out into very thin 
small flakes. Scattered along the outcrop are seen many small 
iron nodules. 

An examination of the shale exposed along the main Pembina 
river for two or three miles north of Mayo was made and a sample. 
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(Xo. r)90()), was collected about two miles north of the Mayo brick 
plant, and fifty feet above the base of the Pierre. The shale here 
is very fine grained, with but little grit. It contains however, a 
few small pyrite concretions, which weather to limonite. The 
clav is not verv hard and could be easilv mined and crushed. It 
does not slake so readily as the Benton, a ])iece one inch in diam- 
eter took two days to slake completely when immersed in water. 
It required 34.0 per cent of water to temper it to its maximum 
plasticity, which was good but very sticky. The air shrinkage 
was 8.7 per cent, and the tensile strength 04 pounds. In spite of 
its high shrinkage it did not crack in drying, except for a few 
small cracks on the surface. 

The burning tests were as follows : 



Cone No 
010 



Cone No. 
05 


5.9 

light red 

9.4 



Cone No. 
03 



Cone No. 
01 



Fire Shrinkage-per ct. 

Color 

Absorption—per cent 




5.0 
lignt red 
9.7 



failed by warping 

red brown 

4.0 



The sulphur present in the pyrite caused all the brick to have 
a black core, and was also the reason of the failure of the bricklet 
burned to cone 01. Because the cones tested for fusibility were so 
small that the sul])hur was completely eliminated, and the iron 
oxidized to a ferric condition, incipient fusion took place at cone 
05. but vitrification not until cone 7, and viscosity at cone 14. 

No chemical analysis was made of this sample. Although this 
particular samj)le was so high in sulphur as to be practically worth- 
less for any ware manufactured by the stiff-mud process, good 
red dry-press brick could be made. Then, too, the sample which 
was taken directly form the outcrop does not represent the best 
grade of shales in the neighborhood. 

A deposit of clay near Olga is described by E. J. Babcock as a 
fine white clay of a slightly acid taste two to three feet in thickness. 
This is probably in the Pierre horizon, but higher than the beds 
exposed along the Pembina.being overlain and underlain by black 
carbonaceous clay shale. It stands a high temperature and burns 
to a slightly pinkish tint. An analysis shows the following com- 
position : 
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Per cent. 

Silicia 50.45 

Alumina 17.57 

Ferric oxide 2.80 

Lime 0.25 

Magnesia 1 . 79 

Potash ; 0.07 

Soda 0.86 

Water and volatile matter 22.55 

Other matter 3.66 

The clay could be used for stoneware and as a low refractory 
clay. 

Pleistocene. The valleys of the northward flowing rivers were 
damned up by the edge of the retreating ice-sheet toward the close 
of the tilacial Period, and great lakes were formed. Lake Agassiz 
occupying the Red River Valley was one of these. Clay was in- 
troduced by the inflowing streams and deposited on the bottom. 
The sediments thus laid down are sandy and calcareous and were 
derived mainly from the Pierre and other Cretaceous shales, and from 
the glacial drift. These stratified clays reach a thickness of from 
fifty to 100 feet in the Red River Valley. 

Only the yellow subsoil underlying the surface loam has been 
employed as yet for the manufacture of brick. This consists of 
a sandy, calcareous clay which is very uniform in its character 
and properties throughout the valley. It is overlain by a foot or 
two of black surface loam, from eight to ten inches of which are 
stripped oflF in working. Directly underlying the yellow clay is 
a mottled yellow and blue clay about three feet thick, known as 
"joint clay." It is harder than the overlying material and grades 
downward into a blue clay of indefinite thickness. The typical 
yellow clay which is dug for brick is about three and one-half feet 
thick at Drayton and thins 'out towards the south, so that the pits 
at Fargo and Abercrombie are very shallow, only two feet to eigh- 
teen inches being used. At Grand Forks about a foot of the joint 
clay IS mixed in with the yellow. The clay is rather sandy, is light 
and porous, containing roots and other carbonaceous material. 
It is colored yellow by the oxidized iron, is highly calcareous and 
carries small lime pebbles and mica. It only developes a moder- 
ate plasticity,, and fuses at a low temperature (about 2,200 viecrrees 
F.), with a very small range of from 100 to 200 degrees F. be- 
tween incipient fusion and viscositv. The bricks when underburn- 
ed are pink, but properly burned at 2.000 degrees F. are cream 
colored. 
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At Drayton there is exposed* in the pits about three and a half 
feet of yellow clay, overlain by eight or ten inches of black loam, 
and underlain by the joint clay grading into the blue clay. The 
yellow clay is sandy and is high in carbon, iron and lime. It is 
soft enough to go directly from the pit to the pug mill. It re- 
quired 26.3 per cent of tempering water and developed a moderate 
plasticity. It had an air shrinkage of 4.8 per cent and the ten- 
sile strength of the air dried clay was 173 pounds. The burning 
tests were as follows : 



Cone No. 
010 



Cone No. 
05 



Cone No. 



Cone No. 
01 



Fire shrinkage-Per ct. 

Color 

Absorption — Per cent 



1.0 
Tt cream 
29.7 



1.4 

Vt cream 
30.5 



1.0 
cream 
30.7 



1.9 
light greenish 
24.2 



The bricklets were strong and those burned to 01 nearly steel 
hard. Incipient fusion occurred at cone 2, vitrification at cone 4, 
and viscosity at cone 5. 

BOULDERS, GR.WEL AND SAND. 

Boulders, gravel and sand occur in some abundance through- 
out the area. They are quite plentiful in the Pembina Mountains 
and west of the escarpment. 

The boulders include Archean granites, gneisses and schists, 
crystalline and igneous, and Cambro-Silurian limestone. They are 
of great importance locally as a building material, especially for 
foundations. Thev are also an admirable material for road foun- 
dations. 

Boulders are very abundant in *'The Mountains," a morainic 
ridge in Golden and Lampton townships, and lying east of the 
Golden Valley. They are found in greatest number on the west 
side of this deposit. West of Edinburg along the railw^ay, there 
is a large quantity of boulders lying scattered on the surface to the 
south, and on the north end of the Golden Valley. Boulders are 
very plentiful along the escarpment of the Pembina Mountains, 
and in the valleys of the streams. Thev have been concentrated 
there by the erosion of the overlying drift. Boulders are especially 
plentiful in Cavalier county in the portions indicated as morainic 
on the map. 
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Gravel is a good road material, and also very useful in making 
concrete. There are a few pockets of it in **The Mountains,'* es- 
pecially on the east side, but there is also a great deal of clay with 
this deposit. Gravel is found in the Herman and Norcross beaches 
especially in the vicinity of Edinburg. In section 3G, Fremont 
township, section 31, Walhalla township, and sections 6. 7, and 18, 
Liberty township, there is considerable gravel. This was deposited 
along an old outlet of the Pembina river. There is a little gravel 
in the valleys of the Pembina Mountains but there is usually too 
much associated shale to make it of value. There is some gravel 
in the morainic areas of Cavalier countv. but there is usuallv too 
much associated clav. 

Sand is of great value as a building material and for working in 
clay roads. There is a considerable amount of good sand on the 
eastern slope of "The ^lountains.'' It is also found in the Her- 
man, Xorcross, Tintah, Campbell, McCauleyville, Hillsboro. and 
Emerado beaches. The Campbell Embankment contains much good 
sand for road construction. The Campbell beaches northwest of 
Walhalla contain very good sand. The ^and of the Pemb(ina 
delta is very fine and silty to the east, but is very good in the. west- 
ern part. 

WATER SUPPLY. 

Water for domestic use and for stock is of great economic im- 
portance in this region. During seasons of drought in the early 
nineties there w^as considerable agitation in favor of irrigation 
by well waters. Such a course will probably never be adopted 
for in average seasons the soil is quite moist. Further, the yield 
of the wells is so small as to make such a method of farming too 
expensive for the common crops, and after a number of years 
the soil would be rendered useless by the depostion of much saline 
matter from the waters. 

The problem of obtaining suitable water for drinking purposes 
is a serious one, especially in the neighborhood of Cashel, and 
north ami east of there along the line of the Northern Pacific to 
Carlisle. In this district water is not only scarce but that which 
is obtainable is usually quite salty and bitter. In the immediate 
vicinity of Cashel water is often hauled from w^ells four or five 
miles distant in order to supply the ordinary demands of the farm. 
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This discussion of the water supply is necessarily of a preliminary 
nature on account of the large amount of time which would have 
been required for a detailed investigation. However, data is con- 
stantly being gathered in addition to that which has already been 
published.^ 

In general the river waters of this region are good when filtered 

to remove their suspended material, but with the growth of cities 
and towns along their banks ancj the increase of stream pollution 
by waste matter and sewage, the danger of bacterial infection be- 
comes correspondingly great. At best these waters are available to 
those favored few who are located near a supply of this sort. 

The main dependence of the region then is upon well waters. 
These may be provisionally divided into three classes : deep ar- 
tesian wells ( the source of water is unmistakably beneath the 
drift) ; artesian wells in the drift; and common wells. 

The deep artesian wells are found in greatest numbers in the 
Red River \^alley region. Unfortunately, the only available sour- 
ces of information in regard to these wells are some of the published 
reports just mentioned. The description pf the wells differ in 
many important generalizations as well as in most of the details 
and on this account no positively accurate statement in regard to 
the source of water supply can be made. Upham states that the 
water of the Grafton well comes from the St. Peter sandstone. 
In nearly all cases the waters of these deep- artesian wells are briny 
and bitter, although they can be used in municipalities for fire 
protection and street watering, and on the farm for stock. West of 
the Pembina escarpment there are few deep wells. 

The following sections are from some of the best known deep 
artesian w'ells. 

Hamilton well. — Located in section 35. T. 1<)2, R. 53, town of 

Hamilton, county of Pembina. Owned by the Hamilton Artesian 

Well Comnanv. Commenced Xovcmber. 1887. Completed, August, 
1889. Drilled by \\. B. Clements, Cavalier, North Dakota. Depth, 



'51st Congress. 1st Session, Senntc Kx. Doc. 232; A Report on the Preliminary In- 
vestiRiation to Determine the Proper Location of .Artesian Wells Within the Area of 
the 97th Meridian snd East of the Foothills of the Rocky Mountains, 1890. 

52nd Conjfrcss. First S«"S9ion, Senate Ex. Doc. 41; A Report on Irrijfation and the 
Cultivation of the Soil Thereby 1802. 

17th Ann. Retwrt. U. S. ('.. S.. part 2. 1895-96. 

Mon. XXV, U. S. Ci. S. , (ilacial Lake Agassiz, Warren L'pham. 1896. 

Water Supply Paper. No. 61, JJ. S. (?. S. , Preiminarv List of Deep Borings in the 
United States. Part II (Nebraska-Wyoming). N. II. Darton, 1902, 

Folio 117, Geologic .\tlas, U. S. G. S. Fargo and Casselton (N. 'D.), Quadrangles. 

Bull. 319. L'. S. G. S. , Summary of the Controlling Factors of Artesian Flows, 
M. 1.. Fuller, 1908. 
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1,560 feet. Cost, $10,150 or $6.50 per foot. Flow, 26 gallons 
per minute. Pressure, 27 pounds per square inch when flow is 
shut off. Temperature of water, 41 J^ degrees. Elevation above 
sea level, 824 feet. 



Strata 



Soil 

Blue clay 

Coarse sand (surface water) 
Hard pan (cemented gravel) 

Quicksand 

Red shale 

Blue .shale 

Red shale 

Gray limestone 

Blue shale (flow) 

Gray limestone 

Pink limestone 

Gray limestone (very soft) . 

Blue shale (caving) . . . . 

White sandstone 

Blue granite 

White sand (main flow) .-. .. 

Blue granite 

White sandstone 



Thickness 


Total 


Feet 


Feet 


10 


10 


122 


132 


42 


174 


15 


189 


4 


193 


32 


225 


20 


245 


43 


288 


12 


300 


1 


307 


277 


584 


25 


609 


153 


762 


130 


692 





897 


344 


1241 


VA 


12425^ 


VA 


1244 


315 


1560 



This bore was put down for a test well, and with the hope of 
obtaining a supply of water for city purposes. Two small flows 
of salt water were struck, one at three hundred feet which flowed 
80 gallons per minute, the other at 1241 feet, which at first flowed 
45 gallons of brine per minute. The water contains 2000 grains 
of salt per gallon. The bore is cased with 6-inch casing to 350 
feet. Inside of this is a string of 897 feet of 4-inch, which starts 
from the top. There are 600 feet of drill poles, and a drill in the 
bottom of this bore. The lower 350 feet are in what is supposed 
to be Laurentian granite. The bottom of this bore .is 736 feet 
below sea level. 

Grafton well. — Located in section 13, T. 157, R. 53, town of • 
Grafton, county of Walsh, N. D. Owned by town of Grafton. 
Commenced February 24, 1885. Completed June 20, 1885. Drilled 
by Swan Bros., Andover, South Dakota. Depth 912 feet, cost 
$3,800, or $4.16 per foot; flow, 600 gallons per minute; pressure, 
12 pounds per square inch w^hen flow is shut oflF: temperature of 
water, 46 degrees ; elevation above sea level, 825 feet. 
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Stpata 



Thickness 
Feet 



Total 
Feet 



Soil 

Yellow clay 

Blue clay 

Gravelly clay (blue) 

Quicksand (clayey) 

Hard pan 

Sand and gravel (white light flow) 

Sand (coarse white) 

Red shale rock 

Lime rock (reddish) 

Red shale 

White sand rock (flow of water) 

Blue shale 

Red shale 

Lime rock (gray) 

Red shale and lime streaks 

G'-cen shale (brine flow) 

Gray lime rock (gritty) 

Magnesian lime rock 

Cream-colored lime rock 

Red shale and lime rock 

Blue shale 

Red shale (gritty) 

Sand and quartz (white) 

Granite (gray) 



3 

13 
103 
133 
155 
195 
225 
245 
255 
257 
270 
330 
333 
336 
340 
:iS8 
300 
395 
595 
700 
745 
880 
POO 
903 
912 



This well was put down for municipal purposes. The water being 
salty, is not suitable for domestic use, although used for watering 
stock, for fire purposes, and for sprinking streets. Xo flows w^ere 
found below 390 feet, and the bore was purposely filled up to this 
point. When allowed to flow freely considerable sand is thrown 
up. The w^ater contains 240 grains of salt per gallon, with a small 
amount of Epsom salt. The well is cased with 100 feet of 8-inch 
casing, and 290 feet of G-inch. The latter starts from the top and 
is seated in the sand rock 100 feet above the lower flow. The 
lower end of the bore penetrates 9 feet into gray granite. Just 
above this is a 3-foot stratum of sand and quartz rock. 

A record of the well at the Honey mill at Park River was con- 
tributed by Messrs. Honey, Dunn and Metz. In general it is as 
follows: Soil and till are met with down to 16 feet where there is 
a layer of boulders ; a dark blue gumbo clay continues to almost 
100 feet :there follows o to 7 feet of water bearing dark sand, fur- 
nishing water to within 2^) feet of the top; blue clay with little 
variation contiue<? to nearlv 300 feet : here occurs a sand laver 7 
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to 8 feet thick, which furnishes water to within 85 to 90 feet of 
the top, the present supply. The well then continues through hard 
conglomerate, and it was impossible to obtain the rest of the record. 

Throughout the Red River Valley region there are a large number 
of artesian wells in the underlying glacial drift. Their depth is 
usually from 100 to 350 feet. After penetrating the overlying de- 
posit of soil and lacustrine clay these wells cut through many var- 
ieties of glacial drift or till. Much of this glacial material consists 
of clay with included rock fragments. However, there are in these 
clays many gravel and sand layers and these act as reservoirs for 
the water. They are very irregular in shape and occurrence, as is 
shown by the great variation in well logs in the same locality. These 
waters are usually hard, and often alkaline and bitter, especially in 
the vicinity of Cashel and north of there. Some have attempted 
to account for the water in these gravels and sands by supposing 
that the water was supplied by rain falling and soaking into the 
coarse gravel and sand beaches in the westetrn part of the valley. 
But these gravel and sand layers are as irregular in an east-west 
direction as in a north-south one, so that it is hardly possible that 
the water is supplied directly in that manner. Furthermore, it should 
be emphasized that there is no reason for thinking that the beach de- 
posits are continuous from one ridge to another. Probably the 
gravel and sand are the result of a halt in the recession of the lake 
so that they were concentrated along those lines, being derived from 
the drift materials of the vicinitv. Others have claimed that much 
of this water was supplied from the Pembina Mountain region 
by water running down on the surface of the shale. But these shales 
do not continue very far to the east, and this would leave the supply 
far to the west of the wells and opposed by a clay barrier. As pre- 
viously mentioned, it is probable that the Dakota sandstone was en- 
countered in the Park River well at 300 feet. Upham has shown 
that the Dakota sandstone rises to the east and perhaps forms the 
bed-rock of the middle and western part of the Red River Valley, 
though it is probably thin. 

The Dakota sandstone which underlies North and South Dakota 
and Nebraska rises to the west and comes to the surface in the 
Black Hills and in the foothills of the Rocky Mountains. Here it 
collects its supply of waters, which is able to circulate through it 
because of the porous character, and also on account of lying be- 
tween relatively impervious beds. During its journey the water takes 
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a quantity of salts into solution. Upham^ has shown that with the 
removal of the overlying shales, the water of the Dakota would 
make its way upward upon arriving east of the Pembina escarpment. 
This is undoubtedly what actually takes place, as is shown by many 
facts. The waters are more alkaline and salty than would be ex- 
pected if their minerals were derived from the drift. It is difficult 
to account for the necessary head of many of the wells in any other 
way. There are salt springs rising through the drift in many places, 
especially near Cashel, on the Park river, and on the Forest river. 

Common wells are very numerous in western Pembina county 
and in Cavalier county. As a rule they vary from ten to fifty feet in 
depth. In the Red River Valley region their waters are usually 
hard, but are without alkali, while west of the escarpment they 
are often alkaline. East of the line of the sandy beach lines of the 
Red River Valley common wells are relatively scarce. There are 
many fine wells in this region which are dug in the old beaches or 
deltas. Water is found near the bottom of the deposits, due to seep- 
age, and is usually of good quality. Most of the common wells cut 
through the overlying soil and lacustrine material and into the drift 
deposit until they encounter a favorable water bearing gravel or 
sand. Conditions vary quite widely throughout the region. 



*Mon. XXV, U. S. Gcol. Survey, p. 535. 
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THE MANUFACTURE OF NATURAL HYDRAULIC 

CEMENT. 

BY V. J. MELSTED. 

Inasmuch as the manufacture of hydraulic cement may be an im- 
portant industry in North Dakota, a brief account concerning its 
manufacture is given here. As there are many books treating of 
the subject in a very thorough manner, this article will be limited to 
the methods peculiar to and adaptable to conditions surrounding the 
manufacture of cement in this state. 

There are three kinds of cement materials: 1st, those that owe 
their hardening qualities to the action of air ; 2d. those that owe their 
hardening qualities to the action of water, and 3d, those that owe 
their hardening in some degree to both air and water. To the first 
class belong common lime, which simply absorbs the carbon dioxide 
from the air and resumes its original composition of calcium carbon- 
ate. To the second class may be referred two distinctly different 
types of cements. (2l) Those that by taking up water resume their 
original composition, such as g>*psum plasters, (b) Those that un- 
dergo a distinct chemical change with the formation of compounds 
entirely different from those constituting the raw material, such as 
hydraulic and Portland cements. To the third class belong the 
hydraulic limes which partake of the characteristics of both hydraul- 
ic cements and of lime. They are essentially a mixture of hydraulic 
cement and free oxide of lime. 

TTIE XATURE OF CEMEXT. 

A cement may be said to corresjwnd approximately in composi- 
ticn to a pure tri-calcic silicate {3 Ca O, Si U») or to a coifipound 
containing very nearly three parts of lime to one part of pure quartz 
sanil. In practice, however, such a cement is never made, since 
more or less oi otlier iiiirredients ahvavs enter into the mixture. The 
silica is replaced by alumina and iron oxide and in hydraulic cements 
magnesium oxide may replace the lime. 

The distinction between Portland cements and hydraulic cements 
lies in the fact that in Portland cement the lime, silica, iron and 
alumina are always mixed in a certain ratio which has by experi- 
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ence been found to result in the formation of certain definite chem- 
ical compounds, and a slight change "in this ratio will prohibit the 
fonhation of these compounds, or in addition to them others which 
are prejudicial to the soundness of the cement also form. With natu- 
ral or hydraulic cements, however it is different. Widely varying 
mixtures are used, usually only those already mixed m nature, and 
these naturallv varv much in different localities. A Portland ce- 
ment is usuallv made unsafe onlv bv an excess of the lime constitu- 
ent : too low lime simply brings it into the class of natural cements. 

North Dakota is fortunate in possessmg an extensive supply of 
raw material suitable for the manufacture of natural cement. This 
material has been referred to in the foregoing report as **cement 
rock." And a cement rock it truly is, since much of it so closely re- 
sembles an ideal Portland cement mixture in composition that a slight 
increase in the lime content would bring it up to first class Port- 
land cement material. But it has so nearly this composition 
as it is found that a very high grade natural cement is made from it 
with no artificial mixing whatever. The great advantage of this 
may be fully realized when it is conservatively stated that to make 
artificial Portland costs at least three times as much as to make 
the natural cement, conditions of ia))or, fuel and transportation be- 
ing the same. 

MANTFACTURK OF NATURAL CEMFNTS- 

In the manufacture of a cement there are three well defined 
stages in the process: 1, winning of the material; 2, burning; and 
3, grinding. 

Considering only the North Dakota deposits of cement rock, there 
are two available ways of getting the material, by mining and by 
stripping the overburden and excavating the rock with a steam 
shovel. By far the greater amount of rock can be obtained only 
by mining, as it is deeply buried under tlie overlying Pierre. Min- 
ing is expensive in comparison with stripping, but it has certain ob- 
vious advantages which cannot be overlooked. By mining, the rock 
is generally secured dry, whereas, in an open pit wet weather makes 
it very disagreeable to handle. Furthermore, a mine can be operated 
in winter as well as in summer, while an open cut method in our 
climate could be employed only in summer, and would necessitate 
large storage sheds if continuous operations were to be carried on. 
There are several places along the edges of the Pembina Mountains 
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where stripping could be carried on and many places along the 
ravines where tunnels could be run in. Which method shall be pur- 
sued will depend upon circumstances surrounding each individual 
case. 

The best method of mining is that used in mining coal, and known 
as the pillar and room system. A tunnel is first run in and rooms 
are worked off on both sides, leaving pillars large enough to support 
the weight of the roof. The main tunnel should be timbered with 
sets not more than four feet apart, two posts and a cap constitut- 
ing a set. In the side entries less timbering is required. Ten feet 
between sets is safe if the roof is occasionally inspected for loose 
rocks, which should be timbered up to prevent caving. As a rule 
no lagging is required as the rock is hard, breaks clean, and does 
not crumble down much under action of the mine air. 

Under normal conditions one pound of forty-five per cent dyna- 
mite should break loose sufficient rock to produce twenty barrels 
of finished cement. Of course, with inexpenenced miners much more 
than this may be used, but it is not necessary. Timbers should 
be cut to measure and fitted outside the mine entry, as this is 
apt to be done in a slipshod manner inside the mine. The mine 
should be well drained by ditches leading to a sump in which the 
water should be kept well below the surface of the mine floor. 

Burning, The burning constitutes probably the most important 
part in the whole process of cement manufacture. With a poor 
burn there will result poor cement, no matter how good the raw 
material may be. There are two types of kilns in use for burn- 
ing natural cement, an intermittent kiln, and a continuous kiln. 
The intermittent kiln is practically going out of use. It resembles 
an ordinary lime kiln. The rock is piled on top of the grates and 
then the fire is built under it and kept burning until the whole mass 
above is sufficiently burned. Such a kiln is slow in operation and 
requires much fuel. 

The continuous type now most commonly in use is a straight 
shaft kiln about ten feet in diameter and forty feet high. At 
the top. it narrows down to seven or eight feet in diameter, this 
shape causing it to have a better draft. The lower part is lined 
with ordinary or low grade fire brick, while the top is lined with 
high grade fire brick. To start operations the kiln is filled with raw 
rock to within four or five feet of the top, and a fire is then started 
on top of this rock. When a good bed of fire has been secured 
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more rock is dumped in and more coal on top of that, and thus in 
alternative layers the rock and coal is continuously thrown in. The 
raw rock is drawn out from the openings at the bottom just as fast 
as the burner judges the rock is getting burned on top. After the 
kiln has been in operation some time burned rock begins to appear. 
This is termed clinker and goes to the mill to be ground to cement. 
The clinker should be burned so that it is dark gray, with a stony 
appearance. It feels heavy and is rather hard to break. If is is 
underburned it is yellow and crumbles down to dust very easily, 
while if overburned it has the appearance of glass, is very hard and 
difficult to break. To burn properly is an art which is acquired not 
by any amount of theory, but by a great deal of practice and close 
observation. 

Grinding, After the raw rock is burned it comes out of the kiln 
in various sized lumps. While in this condition it is little affected 
by water and possesses little if any cementing power. The reason 
for this is not quite plain, but it is known that the chemical activity 
of manv substances increases w^ith an increase in the fineness of 
the material, and in the case of cements experiments have shown 
that it is only the finer portion of the ground cement that has any 
cementing power. The residue caught on a sieve having 10,000 
meshes to the square inch is no better than so much sand ; while 
that which remains on a sieve with 40,000 meshes to the square inch 
is only feebly cementing. For this reason it is apparent that the 
fine grinding of cement is very important. Formerly natural 
cements did not receive the same attention as to fine grinding that 
Portland cements did, but there is no valid reason why at least the 
better grades should not receive the same care. With the poorer 
grades fineness does not alter their value to such a marked degree 
but the tendency is to grind all grades finer. 

Various types of grinding machinery are in successful use. The 
one most commonly employed consists of some form of jaw or 
rotary crusher for preliminary grinding, a ball mill for intermediate 
grinding, and a tube mill for finishing the product. 

A jaw crusher, as the name signifies, does its crushing by means 
of a pair of powerful jaws which are made to alternately open and 
shut, crushing the material between the jaws when they close to- 
gether. A rotary crusher acts on the same principle as a coffee 
mill, only on a large scale, and they vary in size from a little labor- 
atory crusher to immense machines capable of crushing rocks 
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weighing a ton or more. For rock or any material that is not very 
hard they are far more economical in operation than the jaw crush- 
er and for most natural cement clinker they form an ideal prelim- 
inary crusher. 

A ball mill is a hollow cylinder revolving on an axis at the rate 
of twenty to twenty-five revolutions a minute. The mills vary in 
size but are commonly six to eight feet in diameter and three to four 
feet long. They are lined with heavy steel plates and half filled 
w^ith steel balls varying from three to fi\e inches in diameter. The 
revolving of the mill causes the balls to roll over each other and 
tumble about, in so doing reducing the material to be ground. They 
require from forty to fifty horse-power each. 

A tube mill is similar in principle to a ball mill but only five to 
seven feet in diameter and from sixteen to twenty-two feet long. 
It may be lined with wood, cast iron, steel or a porcelain-like ma- 
terial termed silcx. Instead of steel balls thev are half filled with 
flint pebbles. The material is fed in through a tube at the center 
of xDue end of the mill and passes the entire length, being discharged 
at the periphery of the other end, which is covered with a screen 
to prevent the discliargc of pebbles. A tube mill makes from 
twenty-five to thirty revolutions a minute, according to size and 
requires from 75 to 100 horse-power. 

A mill equipped with one rotary crusher, one ball mill and two 
tube mills, working on good natural cement clinker has an approx- 
imate capacity of 800 fo 1,000 barrels every twenty- four hours 
with an expenditure of about 225 horse-power for grinding. Of 
course some extra power would be required for conveyors, depend- 
ing upon the interior arrangement of the mill. 

The above grin. ling machmery is exi)ensive'to install and con- 
sumes nmch power l)ut costs comparatively little for repairs and in- 
sures steady running, as it is very seldom that a breakdown occurs 
with these macliines. 

However, for all clinkers except the very hardest an emery mill 
may economically replace l.)oth ball and tube mills, taking the crush- 
ed i)ro(luct from the rotary crusher and finishing it in one opera- 
tion. An emery mill consists' of two flat disks running against each 
other or one may be slalioinry while the other one revolves. The 
disks are made with ])icccs of emery radiating from the center, usu- 
ally ^et in an n-on frame. This emery is exceedingly hard and resists 
wear to a remarkable degree, \'et these disks require periodical dress- 
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ing to keep the grinding surface even. When the disks are worn 
out they may be replaced at a nominal cost. To equal in capactiy 
the ball mill and two tube mills would require five or six emery 
mills, which would cost but little more than one tube mill and save 
at least seventy-five horse-power over what the tube and ball mills 
require. 

After grinding, the cement is sacked in stout canvas bags, eighty- 
eight pounds to a bag, and three bags constitute a barrel. A better 
method would be to run it into bins and store it in these for two or 
three weeks before sacking. This gives it a chance to "cure 
and insures a more uniform and better product. 



»f 



218 CEMENT MATERIALS 



LABORATORY TESTS IX CEMEXT MAKIXG WITH 
XORTH DAKOTA MATERIALS. 

BY V. J. MELSTED. 

These tests show what can be done in the way of producing 
cement from the cement rock in the state.- 

The laboratory work consisted of the analysis of several samples 
of cement rock and of chalk suitable for mixing with the cement 
rock to make a proper proportion of cement. The natural cement 
rock was given several different burns and the resulting clinker 
ground, mixed with various proportions of g>'psum and subjected 
to all the usual tests of cement. The cement rock was further 
mixed with chalk in correct proportions as determined by the analy- 
sis, given different burns, ground up and varying proportions of 
gypsum added, and these were then subjected to the usual Portland 
cement tests.^ 

RECORD OF TESTS. 

The rock used for burning the natural cement had the follow- 
ing composition : 

Per cent. 

Silicia 14 . 37 

Calcium carbonate . . .- 61.50 

Alumina 6.87 

Ferric iron 2.36 

Magnesia Trace 

Sulphur trioxide 0.75 

Bituminous matter : 8.00 

The bituminous matter was determined in the following way, 
whicli though not very accurate give fairly close results. One 
gram of the finely powdered and thoroughly dried material was dis- 
solved in hydrochloric acid. The residue was filtered, well washed 
and dried on the hot air bath. It was then weighed and ignited at 
a low red heat to constant weight. The difference in weight be- 
tween the dried and ignited residue was determined as bituminous 
matter. The error most likely to result from this procedure is 
in the burning off of some of the sulphur which may be present 

^Thcsc test« were made as part of the work of a thesis in the North Dakota School 
of Mines at the State Univtrsity. 
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in the form of pyrites. This, however, would be only very small 
and the method is quick and gives a good idea of the amount of 
bituminous matter present. 

The cement rock was broken up into sizes varying from the size 
of a hazel nut to that of a chestnut. It was then fed in alternate 
layers with .soft coal into a small circular kiln, in which a good 
bed of coke fire had been previously prepared. In this way about 
one-half pound of cement rock could be burned at a single burning, 
and about half the clinker was underburned. By this method prac- 
tically all the sulphur was burned into the cement, causing the 
resulting product to have a spotted appearance when made up into 
briquettes. To get rid of this sulphur a slightly different method 
of burning was tried. Instead of preparing a hot bed of fuel be- 
fore introducing the cement rock the fire was allowed to get only 
a slight start before putting in a layer of rock. This, however, 
did not seem to help matters any, and the resulting cement had 
exactly the same appearance as that which was previously burned. 
Several more burns were made in this manner but on account of 
the small amount of rock which could be burned at a time a con- 
tinued operation of the kiln was tried. This method worked ex- 
ceedingly well. The hot clinker was drawn through the draft hole 
at the bottom of the kiln and fresh fuel and rock introduced at 
the top. In this way over five pounds of rock were burned in one 
day. The resulting clinker was sorted into three different groups : 
underburned clinker, normal clinker, and overburned clinker. The 
underburned clinker had a yellowish, chalky appearance and was 
very soft and easily ground. The normal clinker was a dark gray, 
very hard, and had a decided stony appearance, \vhile that \vhich 
was overburned was nearly black and glassy. 

Physical Tests of Natural Cement. 

Normal Cement. 

no gypsum. 

Pounds. 

<"-day neat • 225 

28-day neat 293 

7-day 3 : 1 sand 136 

28-day 3 :1 sand 144 . 

For a normal consistency tw-enty-three per cent of water was 
required for the neat cement, and nine per cent for the 3 :1 sand 
mortar. The color of the briquettes was very dark on the broken 
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surface. This was probably due to the presence of too much sul- 
phur. The broken briquettes upon exposure to the air gradually 
assumed a normal grayish color. 

Initial set: five minutes. 
Final set: ten minutes. 
Fineness: 100 per cent through 100 mesh. 
80 per cent through 200 mesh. 
Specific gravity: 3.12. 

GYPSUM TWO PER CENT. 

Pounds. 

7-day neat 307 

28-day neat 4^2 

7-day 3 :1 sand 223 

28-day 3:1 sand 204 

Initial set : ninety minutes. 

Final set: six hour;?. 

Normal consistency : for neat 23 per cent of water. 

iNormal consistency: for 3:1 sand 1) per cent of water. 

Boiling test: O. K. 

28-day pat : O. K. 

GYPSUM FOUR PER CENT. 

With four per cent of gypsum the cement did not acquire its 
initial set in twenty-four hours, and after the briquettes had- been 
in the molds for four davs thev were taken out while thev were 
not yet hard. No further tests were made on this sample as it 
was evidently worthless. 

GYPSUM ONE PER CENT. 

Pounds. 

7-iIay neat 422 

28-diy noat 530 

7-dav 3:1 sand 23:^ 

2S day 3:1 sand 250 

Initial set: forty-five minutts. 

Final set : two hours. 

Normal c«'nsistciicy : •J3 per cent of water for neat. 

Normal consistency: J> per cent for 3:1 sand. 

The color of these briquettes was greatly improved over that of 
the cement without any gypsum. From these tests it would ap- 
pear that one per cent of gypsum is highly desirable as an addition 
to this cement. More than one per cent of gypsum does not have 
as g«)od an effect an.! as it is desirable to add as little gypsum as 
possible tile lowest })erceiriago accomplishing the desirable results 
slunild be used. 1 he cement with one per cent of gypsum comes 
very near to tiie standards oi Portland cement and coidd be used 
for all i^ractical purposes instead of artificial Portland with very 
satisfaotorv results. It is entirely safe, but rather low testing Port- 
land. 
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Underburncd Cement. 

NO GYPSUM. 

Pounds. 

7-day neat 164 

28-day neat 183 

7-day sand * 163 

28-day 3 :1 sand* 174 

Initial set: fifteen minutes. 
Final set: twenty minutes. 
Fineness: W) per cent through 100 mesh. 
93 per cent through 200 mesh. 
Normal consistency: 45 per cent of water for neat. 

17 per cent of water for 3:1 sand. 
Specific gravity: 2.6. 
Normal pat : softened on boiling. 

GVrSL'M TWO PER CENT. 

Pounds. 

7-day neat < 175 

28-dav neat 191 

7-day 3:1 sand 169 

28-day 3:1 sand • 174 

Initial set: fifteen minutes. 

Final se: twenty minutes. 

Normal consistency : 45 per cent of water for neat. 

17 per cent of water for 3:1 sand. 

GYPSUM FOUR PER CENT. 

7-day neat 173 

28-day neat 165 

7-day 3 :1 sand 159 

Initial set : twenty minutes. 

Final set : thirty minutes. 

Normal consistency : 45 per cent ol water for neat. 

17 per cent of water for 3:1 sand. 

GYPSUM SEVEN PER CENT. 

Pounds. 

7-day neat 193 

28-(Iay neat 18<» 

Initial set: twenty minutes. 
Final set : thirty minutes. 

iNormal pat: s<>ftcnid on l)oiling but was O. K. after 28 days 
in water. 

As previously stated the clinker from which this cement was made 
\yas soft, yellowish in color and very easily ground. When passed 
once throufj^h a disc mill it came out in a very fine floury state. It 
is in all ways equal to the ordinary natural cements which are on 
the market. ( )n account of the bituminous matter in the rock it 
can be made with but very small fuel consumption and on account 
of the softness of the clinker the expense of grinding would be 
very low. For sand mortars it would be equal to lime in every way 
and would have many advantages on account of its hydraulic prop- 
erties. 
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From the previously recorded tests it appears that the cement is 
but slightly effected by the addition of gypsum and in that respect 
differs most markedly from the well burned normal natural cement 
made from this rock. 

Ovcrhurned Cement. This glassy clinker wh«n ground fuT- 
nished a product which had no more cementing powers than any 
other finely ground slag or sand. It would appear that any particles 
of overburned clinker would have no injurious effect if present in 
the normally burned clinker. It would serve simply as any other 
inert but harmles adulterant. 

PHYSICAL TESTS OF PORTLAND CEMENT. 

The following is the analysis of the cement rock used for the 

first mixture to produce Portland cement : 

Per cent. 

Silicia : . . . 14.47 

Calcium carbonate 68.04 

Alumina 6.12 

Iron 2 . 66 

Magnesia none 

Sulphur trioxide 73 

The following is an analysis of chalk used for mixing with the 
cement rock to bring up the lime content of the former to a Port- 
land mixture: 

Per cent. 

Silicia 1.39 

Calcium carbonate 97.94 

Alumina and ferric oxide 6 

Magnesia 70 

Sulphur trioxide none 

For the second mixture of raw materials a cement rock having 
the following composition was used. The same chalk was used for 
bringing; this up to a Portland mixture as was used for the other 

mixture : 

Per cent. 

Silicia 15.11 

Calcium carbonate 61 . 43 

Alumina 6.59 

Ferric iron 2.17 

Magnesia trace 

Sulphur trioxide ^ J^7 

The proper proportion of cement rock and chalk for the first 
mixture was found upon calculation to be ten parts of chalk to one 
hundred parts of cement rock. This, when mixed and finely ground, 
would give a cement fairly high in lime, but without danger of 
being overlimcd if properly burned. 
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The proportion for the second mixture was determined to be 
fifteen parts of chalk to one hundred parts of cement rock. 

The cement rock and chalk were first passed through a jaw crush- 
er and then ground to the proper fineness in a small tube mill. Some 
trouble was experienced in keeping the mixture from balling up in 
the tube mill ; but by introducing only a small amount of the mixture 
at a time and keeping a good charge of flint balls in the mill a sat- 
isfactory grind was obtainable. The materials after being ground 
were wetted and made up into round balls the size of a large hazel 
nut. These were dried preparatory to burning in the small verti- 
cal kiln. The continuous method of burning previously referred 
to in connection with burning of natural cement was used. On 
account of the high point of fusibility of this clinker none of it came 
through sufficiently burned the first time, but by passing it through 
the kiln a second time onlv a small amount of underburned clinker 
remained. The underburned clinker was carefully separated and 
the two kept separate during grinding. A small amount of over- 
burned clinker was secured, but not in sufficient quantities for 
testing purposes. 

UNDERBURNED CEMENT. 

Pounds. 

24-hour neat 198 

7-dav neat 21'^ 

7-day 3:1 sand 140 

Initial set: ten minutes. 

Final set: twenty-five minutes 

Fineness: 93 per cent through 200 mesh. 

Normal consistency: 3o per cent of water for neat. 

13 per cent of water for 3:1 sand. 
Specific gravity: 2.7. 
Boiling test: pat disintegrated. 

These were all the tests which were made on the underburned 
portion. They show conclusively the necessity for a thoroilgh burn- 
ing of the raw materials, even when they do not carry the allowable 
high limits of lime. These tests along with those made on the 
underburned natural cement also show the excessive amount of 
water necessary to bring an underburned free lime cement up to 
a normal consistency. Also the specific gravity is very much lower 
than on a normallv burned cement. 
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Normal Portland Cement, first mixttire. 

NO GYPSUM. 

Pounds. 

24-hour neat 341 

7-day neat 578 

7-day 3:1 sand 253 

Initial set: twenty minutes. 

Final set: two hours. 

Fineness: 89 per cent through 200 mesh. 

Specific gravity: 3.12. 

Boiling test: U. K. 

Normal consistency: 24 per cent of water for neat. 

10 per cent of water for 3:1 sand. 
Color : very good. 

GYPSUM ONE PER CENT. 

Pounds. 

24-hour neat 293 

7-day neat 595 

7-day 3 :1 sand 275 

Initial set: ninety minutes. 
Final set: five hours. 
Boiling test: O. K. 

GYPSUM TWO PER CENT. 

Pounds. 

24-hour neat 275 

7-dav neat 563 

7-day 3:1 sand 260 

Initial set : two hours. 
Final set : ten hours. 
Boiling test : O. K. 

Xornial Portland Cement, seeond mixture, 

NO GYPSUM. 

Pounds. 

24-hour neat 325 

7-dav neat 617 

7-day 3:1 sand 240 

Initial set: thirty minutes. 
Final sot : ninety minutes. 
Xormal consistency: 24 per cent of water for neat. 

10 per cent of water for sand mortar. 
Fineness : S7 per cent through 2(M» mesh. 
Specific gravity: 3:13. 
B<iiling test : O. K. 
Color : very good. 

GYPSUM ONE PER CENT. 

Pounds. 

24-hour neat 309 

7-dav neat 618 

7-day 3:1 sand 289 

Initial set : two hours. 
Final set: six hours. 

Xormal consistency : 23 per cent of water for neat. 

9 per cent of water for sand. 
Boiling test : O. K. 
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GYPSUM TWO PER CENT. 

Pounds. 

24-hour neat 298 

7-day neat 609 

7-day 3 :1 sand 241 

Initial set: two hours. 
Final set: about eight hours. 
Boiling test : O. K. 

GYPSUM THREE PER CENT. 

Pounds. 

24-hour neat not hardened 

7-day neat 403 

No sand tests made. 

Boiling test: checked and warped. 

From these tests is. appears that the best amount of gypsum to 
add to this cement is one per cent, that producing about the right 
time of initial and final sets for ordinary Portland cement require- 
ments. The color of this cement was uniformly good. It is diffi- 
cult to explain this, inasmuch as the raw materials contained very 
nearly the same amount of sulphur which so badly discolored the 
natural cement. A possible explanation may be this: In the nat- 
ural cement there was a considerable excess of clay base and on 
that account any sulphur not burned out of the cement would have 
a tendency to form a sulphate with the iron and alumina. The 
dark ferrous sulphate would discolor the cement upon exposure to 
the air or on long storage of the cement this ferrous sulphate would 
change to the ferric sulphate. In the ferric state the discoloring 
action would not be so marked. This accounts for the change of 
color in the natural briquettes upon exposure to the air. On 
the other hand, in the artificial Portland mixture there would 
be practically no excess of clay base. Therefore, any sulphur not 
burned out would probably tend to combine with the lime, forming 
calcium sulphate which of course would produce no abnormal 
color. 
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THE GEOLOGICAL HISTORY OF 
NORTH DAKOTA 



BY A. G. LEONARD. 



INTRODUCTION. 

It is the purpose of this chapter to present briefly the chief events 
connected with geological history of North Dakota. Many of the 
subjects which here receive only brief mention, such as the various 
rock formations, the Red River Valley and Lake Agassiz, the pe- 
culiar features of the badlands and their cause, these and many other 
topics are more fully discussed in the preceding chapters on the 
geology of southwestern and northeastern North Dakota, and the 
reader is referred to them for details. This paper has been pre- 
pared partly for use in the schools of the state in teaching physical 
geography and geology and partly that it may serve to give the 
general reader who may have little knowledge of geology, some idea 
of the ancient history of North Dakota. 

The geological story of North Dakota is written in its rock forma- 
tions, with their fossil remains of the animals and plants of the past. 
Through a study of these one may decipher with a large degree 
of confidence the ancient historv of our state, and mav trace the 
various changes it has undergone in the course of its gradual de- 
velopment from earliest geological time down to the present. The 
study is a fascinating one and brings before us movements of land 
and sea affecting the entire continent: the extinction of whole 
faunas and floras and the development of new plants and animals 
of higher and higher types; changes of climate from one of tropi- 
cal warmth and moisture to the cold of the polar regions. 

DIVISIONS OF GEOLOGICAL TIME. 

A few words regarding the more important time divisions of 
geological history may help toward a clearer understanding of what 
follows. 

The oldest rocks on the earth, those which are believed to have 
existed at one time in a state of fusion, belong to the Archean Era. 
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These rocks are mostly crystalline, that is, they are composed of 
various minerals which have crystallized out of the original molten 
mass, and they afford therefore almost no evidence of the existence 
of life at this early period. The granites are examples of these 
ancient igneous or crystalline rocks, which form the foundation 
for the more recent beds. Resting on this Archean basement 
in many places are rocks which bear every evidence of great age, 
having been much altered by heat and pressure, but are clearly of 
sedimentary origin — they are stratified and were formed under 
water by the deposition of sediments derived from land masses. 
They contain obscure traces of life, some undoubted remains of 
animals having been found in them, and the period of time during 
which these rocks were formed is known as the Algonkian Era. 

The other great divisions of the earth's history, as recorded in 
the strata, are based on the life forms thev contain. The earliest 
organisms were of simple structure and the same types existed 
all over the globe. There has been a gradual development of 
animals and plants by which they have become more highly organ- 
ized, more complex in structure and more like modern types. Now 
that this succession of life forms has been made out it furnishes 
the means of determining the age of the beds forming the earth's 
crust and the order in which thev were laid down. Certain fos- 
sils are found only in strata of a certain age, others are restricted 
to beds of a different age. It is thus possible by means of the organ- 
ic remains contained in them to determine the succession of the 
formations and to correlate strata in widely separated areas. 

The Paleozoic Era, or the time of most ancient life, was charac- 
terized by forms for the most part very unlike those of today: 
the modern types of animals and plants were almost entirely 
wanting and the vertebrates were represented only by strange, . 
armored fishes and amphibians. The Paleozoic was followed by 
the Mesozoic Era or time of middle life when great numbers of 
enormous reptiles inhabited the land, the sea, and the air and were 
the predominating forms. During the last, or Cenozoic Era, signi- 
fying most recent life, modern animals and plants began to appeaLV 
and the ancient types became almost extinct. 

These three great divisions of geological history are in turn 
separated into shorter subdivisions or periods, each characterized 
by its own peculiar life forms. The Paleozoic Era, for example, 
is divided into the Cambrian, Ordovician, Silurian, Devonian and 
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Carboniferous periods. The Devonian is marked by the culmina- 
tion of the fishes, which were present m great numbers and of 
large size, and during the Carboniferous coal- forming plants grew 
in great abundance and luxuriance. 

It is possible from the study of the various characteristics of any 
rock formation to gain much information regarding the conditions 
under which that particular group of strata was formed. We know 
from the observation of present day processes, that sandstones are 
formed near the shores of sea or lake, where the coarser sediment 
carried by streams is deposited. The finer debris, such as mud 
and clay, will remain longer in suspension and will be carried far 
before settling to the bottom at a distance from the shore, to form 
a clay rock or shale. Limestone, which is composed of the shells 
of sea animals, or of the fragments and calcareous mud derived 
from these shells, is formed only in clear water — found usually 
far from shore, where the conditions are favorable for the growth 
and accumulation of these limestone- forming organisms. 

Again, the fossils contained in the rocks tell whether they were 
formed in fresh or salt water — whether thev were laid down in 
fresh water lakes or in the sea. 

With these few words of introduction we pass to the consideration 
of the geological history of that portion of the Xorth American 
continent known todav as Xorth Dakota. 

The oldest part of this continent, that which was the first to be 
raised above the sea, was a U-shaped land mass, the two arms of 
the U enclosing Hudson Bay and comprising much of northeastern 
America. The nearest portion of this land area lay not far to the 
north and east of us, in northeastern Minnesota and Manitoba. 

PALEOZOIC EVENTS. 

At the beginning of the Paleozoic Era by far the greater part 
of our continent, with the exception of the above land, was be- 
neath the sea and in this Paleozoic sea the rocks of the future 
continent were forming off the shores. AI portions of the ocean 
floor were successively raised and made part of the original conti- 
nental mass, the latter increased in size and extended its borders 
to the south, the east, and the west. Throughout all the vast per- 
iods of time represented by the Paleozoic, Xorth Dakota and ad- 
joining regions seem to have been under water. In this sea were 
deposited the limestones, shales and sandstones of the Cambrian, 
Ordovician, Silurian and Devonian, which outcrop about Lake 
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Winnipeg and in Minnesota, but ^re in this state deeply buried 
beneath more recent strata. Some of these beds were encountered 
in the Grafton well and indicate that during Cambrian and Ordo- 
vician time eastern North Dakota at least was receiving the deposits 
which later formed these rocks. The Paleozoic Era closed with 
the elevation and emergence from the sea of extensive areas and 
it is quite likely that this state shared in the general elevation and 
that it remained above the sea during a large part of the succeeding 
or Mesozoic Era, since any rocks belonging to any of the earlier 
periods of the latter era are wanting in this district. But during 
late Mesozoic time, or in the Cretaceous period, there was a great 
incursion of the sea over the North American continent, brought 
about by an extensive subsidence of the land. This vast sea stretch- 
ed from the Gulf of Mexico north clear to the Arctic Ocean, cov- 
ering much of the western interior region, including practically 
all of North Dakota. 

DEVELOPMENT DURING THE CRETACEOUS. 

Dakota Sandstone. For some time prior to this subsidence and 
invasion of the sea. North Dakota had been occupied by an exten- 
sive lake or lakes, in the waters of which a sandstone formation was 
deposited. 

The fresh water beds thus formed constitute the Dakota sand- 
stone, which has an average thickness of from 200 to 300 feet. 
This formation does not appear at the surface anywhere in the state 
but it is reached by many deep wells and is the source of most of 
the artesian water of this region. The porous sandstone is saturat- 
ed with water and serves as a reservoir which furnishes a bountiful 
supply when it is reached by the drill. The Dakota sandstone 
has yielded an abundance of fossil leaves and some 500 species of 
plants are known from this one formation. These plants and the 
fresh water shells also occurring in the beds arc an evidence of 
fresh water origin for the sandstone. 

After the deposition of the sandstone beds the widespread sub- 
sidence, already referred to, followed, and the sea came in and 
covered all of North Dakota. The sediments which accumulated 
for many ac:cs in this sea built up a scries of shale, limestone and 
sandstone strata with a thickness of considerably over 1,000 feet. 

Benton Shale. At the base of this rock series formed in the Cre- 
taceous sea, and resting upon the Dakota sandstone, is the Benton 
shale, named from Fort Benton, on the upper Missouri in Montana. 
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where it is well shown. The Benton beds outcrop in this state 
only in the northeastern corner, in the Pembina Mountains. The 
latter form a wooded escarpment bordering the Red River Valley 
on the west for thirty or forty miles south of the international boun- 
dary. In this the rivers have cut deep valleys along which the 
shales of the Benton are well exposed. The outcrops are con- 
fined mostly to the Pembina and Little Pembina rivers. Else- 
where these shales are covered by more recent strata and are known 
only from their being struck in wells. 

Niobrara Beds. Following the Benton formation and resting 
upon it is the Niobrara shale and chalk rock, named from its exten- 
sive development along the Niobrara river near its junction with 
the Missouri in Nebraska. The surface exposures of this rock 
are likewise confined to the stream valleys of the Pembina Moun- 
tain region, where the rivers have cut through the overlying beds 
and exposed the Niobrara. This formation is of special interest 
on account of its calcareous clay and cement rock, the latter used 
in the manufacture of natural hydraulic cement. 

During Niobrara time there lived in the Cretaceous sea of this 
region countless numbers of microscopic animals which secreted 
a calcareous shell. It is the minute shells of these Foraminifcra 
which, on the death of the organisms, fall to the bottom of the sea 
and accumulate to form chalk. The beds found in Cavalier county 
are not composed of pure chalk, since more or less clay is mixed 
with the calcareous shells, but the latter form a large part of the 
rock. Some layers of the Niobrara formation have a chemical 
composition which makes them a natural cement rock suitable for 
the manufacture of high grade cement and they are used for this 
purpose. 

Fossil fish are not uncommon in the strata of this age and one in 
the roof of the Pembina Cement Company Mine has a length of 
five feet. Other fossils which have been found are the remains 
of the strange toothed bird (Hesperornis), a species of crocodile, 
and the great swimming reptile known as the Plesiosaurus, the 
latter being one of the rulers of the Cretaceous sea. 

Certain calcareous beds outcropping along the Sheycnne river 
at \'alley City probably belong to the Niobrara formation. 

Pierre Sha,le. Next above the Niobrara lies the Pierre shale, 
named from Fort Pierre. South Dakota, in the vicinity of which it 
covers a large area. This shale immediately underlies the glacial 
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drift over nearly one-half the state, covering must of the eastern 
half outside the Red River Valley. The rock is a Mack to a light 
bluish gray shale, very uniform in appearance over a large extent 
of country. There is an interesting occurrence of the Pierre shale 
on Little Beaver Creek in Bowman county, in the extreme south- 
western corner of North Dakota, where it occupies a small area 
along the Montana line. Here the upper portion of the forma- 
tion is exposed and it contains large numbers of calcareous concre- 
tions varying in size from several inches to five and six feet in 
diameter. These are very rich in fossils, about twenty species hav- 
ing been collected here, among them many beautiful ammonites 
with the mother-of-pearl sometimes perfectly preserved, besides 
the ovster and chambered nautilus. 

Fox Hills Sandstone. The youngest and last marine formation 
to be laid down in the sea which covered this region during later 
Cretaceous times was the Fox Hills sandstone. This has a thick- 
ness of about 100 feet and is exposed at the surface at only a few 
points in North Dakota. 

Rocks which probably belong to this formation occur overlying 
the Pierre shale in northwestern Bowman county, where thev are 
seen along Little Beaver creek; they appear on the Cannon Ball 
river six miles above its mouth and also on Rice creek, a tributary 
of the Missouri river which enters it eight or ten miles north of the 
Cannon Ball river. 

At the close of the Fox Hills epoch of the Cretaceous period 
the marine conditions, which had existed in North Dakota for 
many ages, came to an end through an elevation of the land and 
the withdrawal and the sea. This district has never again been in- 
vaded by the waters of the ocean. 

Evidence has been found in the southwestern part of the state, 
along Little Beaver creek, that after the formation of the Fox 
Hills sandstone, the region was elevated above the sea and the land 
thus formed was subjected for a time to erosion. At several lo- 
calities this old eroded land surface is shown and resting upon it 
are rocks much younger geolop^ically than those immediately be- 
neath, — rocks formed also under very different conditions, since 
they are fresh-water deposits and contain fossils quite unlike the 
marine beds of the Cretaceous. This old land surface separating 
the older beds below from the younger beds above is known as 
an unconformity. 
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FORT UNION BEDS. 

These younger strata overlying the Pierre shale and Fox Hills 
sanstone cover the entire western half of North Dakota and consti- 
tute a formation with a thickness of 1,600 feet. In many respects 
this is the most important and interesting geological formation 
in the state, for in it occur the lignite beds, while its clays and sands 
have been sculptured into the picturesque badlands. For many 
years there has been some doubt as to the age of this thick series 
of beds but recent discoveries and the many fossils collected during 
the past few years have thrown much light on this. The formation 
is now referred to the latest of the great time divisions of the 
earth's history (the Cenozoic Era) and to the earliest stage of this 
era. It is known as the Fort Union, a name derived from the old 
fort at the mouth of the Yellowstone, near the site of the present 
town of Buford. 

During Fort Union time, then, western North Dakota tc^ether 
with adjoining portions of Montana and Manitoba, was occupied 
by a large fresh water lake in which the sediments washed in by the 
rivers were deposited to form the beds of shale and sandstone. 
Certain portions of this lake became silted up from time to time and 
converted into marshes or swamps where vegetation grew lux- 
uriantly as in the Great Dismal Swamp today. The trees and 
plants as they died year after year and accumulated under water, 
where they were protected from decay, were in course of time 
converted into the beds of lignite, so abundant in the Fort Union 
formation. 

Some of the coal beds are of great extent. One is known to 
extend twentv-five miles in one direction and twenty miles in an- 
Other, with an area of at least 500 square miles and a thickness of 
from five to sixteen feet. Another bed of coal has been traced 
thirtv-six miles north and south and twentv-four miles east and 
west, and while its known area as shown from outcrops is nearly 
900 square miles, it undoubtedly had an extent of 1,000 to 1,500 
square miles. The thickness of this coal bed ranged from nine 
to fifteen feet and over. 

The Fort Union formation is readily separated into three divi- 
sions by a marked difference in character and appearance. The 
upper beds are composed of rather dark gray sandstones and shales, 
with many brown, ferruginous, sandy nodules and concretions. 
The middle division is formed of light ash gray and buff shales 
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and sandstones which are remarkably uniform in color and ap- 
pearance over extensive areas. The lowest member has a dark 
and somber aspect in striking contrast to the light colored beds 
above. It is composed of alternating layers of dark gray and 
brown shales and sandstones, containing many sandy nodules. The 
lower portion of this member contains no workable beds of coal. 

All three divisions of the Fort Union are present in Billings 
county and are well shown in the Little Missouri badlands. The 
middle Fort Union appears also in the bluffs of the Missouri river 
from the mouth of the Yellowstone down as far as old Fort Clark, 
near the mouth of the Knife river. Below this point to the mouth 
of the Cannon Ball river and be)^ond the lower Fort Union occurs 
in the bluffs and the beds are well shown at the east end of the 
Northern Pacific bridge at Bismarck. 

One peculiarity of the Fort Union formation cannot fail to at- 
tract the notice of even the most casual observer, and that is the 
vast quantity of burnt and fused clay which is seldom absent wher- 
ever there are extensive outcrops of the strata. This clay has been 
produced by the burning out of the beds of lignite, the heat thus 
generated having been sufficient to burn and often fuse the adjac- 
ent clays. This burning of the lignite has doubtless been going 
on for centuries and has resulted in the production of an aston- 
ishingly large amount of red clay. Bands of this material have 
been traced fifteen and twenty miles, and except at a few points 
where the coal is still intact, none of the seam has escaped the fire 
along its outcrop. 

The Fort Union strata are also remarkable for the variety and 
abundance of their fossil plant's which are represented mostly by 
leaves. Nearly 400 species are known from this one formation 
and the leaves are often beautifully preserved, showing the delicate 
venation in great perfection. One of the most common trees of 
Fort Union time was the poplar, many varieties of which are 
found. Another tree growing in North Dakota at that time was 
the Sequoia or redwood, related to the giant trees of the Pacific 
coast. Water lilies and ferns were also present. 

In addition to its plant remains the Fort Union contains many 
fossil fresh water shells, these being very abundant in some locali- 
ties. But its most 'interesting fossils are the bones of the gigantic 
extinct land reptiles known as dinosaurs. During Fort Union 
time these strange animals lived in large numbers in North Da- 
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kota, Montana and Wyoming, and their huge and clumsy bones 
were buried in the lake deposits of that period. Among the most 
common was the massive Triceratops, with its enormous skull 
which projected backwards over the neck in a cape-like exten- 
sion, and three horns, a stout one on the nose and a pair of long^ 
pointed ones on the top of the head. The bones of Triceratops 
are found in southern Billings county and fragmentary dinosaur 
bones have also been found by Dr. T. W. Stanton on the Missouri 
river between Mandan and the mouth of the Cannon Ball river. 

To the Fort Union formation belong the high grade fire and 
pottery clays of the western part of the state. These very pure 
and white fire clays cover an area of approximately 4,000 square 
miles, lying between the Missouri and Little Missouri rivers. They 
occur at elevations of from 2,450 to 2,G00 feet above sea levels 
and are confined to the tops of the higher ridges and divides. Their 
maximum thickness is about 150 feet. These fire clays are remark- 
ably uniform over the entire district and their white color makes 
them conspicuous wherever they are exposed. 

THE BADLANDS. 

It is in the strata of the Fort Union that the famous badlands 
have been eroded. The true badlands, that is, the very rough 
areas that are difficult to travel through, are confined to the vicm- 
ity of the streams. Back from these six or eight miles the land 
is a rolling plain and is not ''bad" in the sense probably meant by 
the old French term "mauvaises terres" originally applied to the 
region with reference to its being a land bad for the traveler. 

Though by no means confined to that stream the badlands are 
typically developed along the Little Missouri and Medora is located 
in their midst. The soft clays and sands of the Fort Union formation 
have been carved by running water into a multitude of steep-sided 
hills, isolated buttes and an endless variety of fantastic forms. 
The change is abrupt from the gently rolling plain to the strip of 
badlands bordering the river and forming a belt ten to twenty 
miles wide, within which the effects of erosion are so strikingly 
seen on every hand. This erosion is greatly facilitated by the 
sparseness of the vegetation, the slopes being almost bare of ver- 
dure, and by the softness of the rocks. Though the region is one 
in which the rainfall is light, every shower is highly effective in 
washing away the unconsolidated sands and clays. The slopes,. 
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the sides of everv hill and butte, bear the marks of the last shower. 
They are grooved with countless tiny channels formed by the little 
rivulets of water which poured down the slopes. Each rivulet 
gathers up its load of detritus and carries it on to the main stream. 
The river has its numerous tributaries and these in turn have their 
branches which are ever working back into the land. And thus 
what was formerly a comparatively level plain, similar to that about 
Dickinson is now carved into the weird and picturesque badland 
topography which is described and figured in all text books of 
geology. 

Beauty and variety are added to the landscape by the diversity 
of color. The colors are arranged in broad bands along the faces 
of the bluffs — gray, yellow, black and red of every shade and tint, 
together with browns and pinks. The banded and many hued bluffs, 
buttes, domes and pinnacles are a characteristic feature of the bad- 
lands and increase their attractiveness from a scenic point of view. 

OLIGOCENE BEDS. 

At several localities in the state there are remnants of a forma- 
tion still younger than the Fort Union, and resting therefore upon 
the latter. This belongs to that division of the Cenozoic Era 
known as the Oligocene, and the beds of this age are found on 
top of Sentinel Butte, they form White Butte in southern Bil- 
lings county, and occur in the "Little Badlands" of southwestern 
Stark county. 

Sentinel Butte enjoys the distinction of being the highest point 
in North Dakota, having an elevation of GoO feet above the plain 
at its base, and 3,350 feet above sea level. Occupying thirty or 
forty acres on its summit there are beds of white marl and limestone 
about forty feet thick, which must have been formed I'n a fresh 
water lake covering a considerable area in the western part of the 
state during Oligocene time. The strata on top of the butte are 
merely the remnants of a once widespread formation which has 
undergone extensive erosion and has thus been very largely remov- 
ed except at a few IcKalities such as this which were favorable for 
Its preservation. In the waters of this Oligocene lake lived large 
numbers of small fish whose remains have been perfectly preserved 
on the thin slabs of white limestone. 

White Butte is so called from its chalky whiteness, though the 
rocks of which it is formed are not limestones but calcareous clav 
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and sand, together with a coarse conglomerate composed of water- 
worn pebbles of volcanic rock which must have been brought by 
streams hundreds of miles from the Rocky Mountain region or 
the Black Hills. 

The Oligocene beds are here 300 feet thick and in them Mr. 
Earl Douglass, of the Carnegie Museum of Pittsburg, several years 
ago collected the bones of the three-toed horse (the ancestor of 
the modern horse) and the rhinoceros. The geological collections 
of the University contain the skull of an extinct cud-chewing mam- 
mal from these same strata. 

Rocks of this same age are also found in the so-called Little Bad- 
lands of southwestern Stark county and the beds here have yielded 
the remains of many extinct mammals. 

These Oligocene beds are thought to be in part lake deposits, 
as already stated, and in part river deposits. The lack of uniform- 
ity, the cross-bedding, and the coarseness of the materials of some 
parts of the formation are probably the result of deposition by 
rivers, while other portions were apparently laid down in the more 
quiet waters of a lake. Whether the beds of the three North Da- 
kota Oligocene areas were deposited in one large lake covering a 
considerable portion of Billings and Stark counties, or whether 
they were accumulated in several small lakes, it is impossible to say. 

The disappearance of the Oligocene lake or lakes was followed 
by a long lapse of time during which no new rock strata were form- 
ed in this region but on the contrary erosion was actively going on 
throughout the entire area. The land surface was attacked by the 
forces which are ever at work to reduce it to sea level, running 
water being the most effective of these agencies, and many hun- 
dreds of feet of strata were swept away by the streams. The 
numerous high buttes which rise above the surrounding country 
and form conspicuous features of the landscape, bear indisputable 
testimony to the enormous amount of erosion which has taken 
place, for they are formed of horizontal beds of clay and sand 
which were once continuous over the entire region, but have been 
almost wholly carried away through the work of running water. 
Such buttes as Sentinel. Bullion, Black, Rainy and scores of others 
are merely the remnants of these beds and can only be accounted for 
by the erosion and reduction of a land surface which must form- 
erly have been several hundred feet higher than the highest of these 
buttes. The thickness of strata thus removed over extensive areas 
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in western North Dakota could not have been much less than 
1,000 feet, and it may have been more. This included almost all 
of the Oligocene beds and some 700 feet and over from the upper 
portion of the Fort Union formation. 

THE GLACIAL PERIOD. 

At no time in its geological history has the state undergone more 
important, far-reaching or more significant changes than during 
the time just preceding the present or Human Period, that is, dur- 
ing the Glacial Period. The climate now changed to one of Arc- 
tic rigor and for some thousands of years it was like that of the 
polar regions. Immense glaciers or ice-sheets, comparable to those 
found today in Greenland and the Antarctic region, but many times 
larger, moved down from the north and buried all the northern 
part of North America under thousands of feet of ice. There were 
three centers of movement for these great continental glaciers, one 
east of Hudson Bay, one west of the same bay and the third in the 
Canadian Rockies. The Keewatin and Labrador ice-fields moved 
out to the north, south, east and west. South of Hudson Bay they 
united and invaded the United States as one. New England was 
completely buried by ice, as were portions of New York and Penn- 
svlvania. It extended soifth to the Ohio river at Cincinnati, and 
to southern Illinois and Indiana. West of the Mississippi the line 
marking the limits of the glacier passes near St. Louis and Kan- 
sas City, then curves northward and follows in a general way the 
course of the Missouri river to Montana; here it turns north and 
crosses the international boundarv a short distance east of the 
Rocky Mountains. All of North Dakota except several counties in 
the southwestern corner was covered by the I'ce-sheet and its sur- 
face features were profoundly modified by it, while its soils are 
largely of glacial origin, directly or indirectly. 

When after some thousands of years the continental glacier 
withdrew it left behind a deposit of greater or less thickness which 
forms a mantle concealing the bed rock from view. This peculiar 
glacial deposit is known as drift and it is composed of clay, sand, 
gravel and boulders mingled together to form a heterogeneous 
mass. The chief constituent is commonly a stiff blue or gray clay 
through which are scattered numerous pebbles and boulders of 
granite or other igneous rock. One very noticeable feature of this 
boulder clay or till, as it is called, is that very many of the boulders 
and pebbles are unlike the bed-rock of the vicinity. They have 
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been transported by the ice from localities often hundreds of miles 
distant, and while being moved along on their journey many of the 
pebbles and bowlders wxre smoothed, polished and scratched on one 
or more sides. 

The thickness of the drift varies within wide limits, being all the 
was from a few feet to several hundred feet. In the eastern part of 
the state it is shown by wells to be commonly from 200 to 300 feet 
thick and it is probable that these figures also apply to the central 
part of the district. Wells pass through 220^ feet of drift at Fargo, 
250 feet at Casselton, 298 feet at Grafton and at Grand Forks a 
well penetrated 380 feet of lacustrine deposits and drift before 
reaching bed rock. 

That there were several periods of glaciation during which the 
continental glacier advanced far to the south, fdlowed by inter- 
glacial periods when the ice-sheet retreated and left the surface 
free to be covered once more with vegetation, is clearly shown by 
the different drift sheets, some of w^hich are much younger than 
others. Named in the order of their age from oldest to youngest 
these are the sub-Aftonian, Kansan, Illinoian, lowan, Earlier Wis- 
consin, and Later Wisconsin. Between the periods of ice invasion 
when these w-ere deposited there were times of retreat and these 
interglacial intervals are marked by vegetable accumulations rep- 
resenting old forest beds and soils, often many feet in thickness, 
and by heavy deposits of gravel and sand laid down by the streams 
flowing from the melting ice. 

There is considerable evidence that only the later of these drift 
sheets are present in North Dakota, namely, the Earlier and Later 
Wisconsin, although some geologists have thought the Kansan 
drift also occurs in the state. 

During the final retreat of the ice-sheet northward it paused from 
time to time and its end remained stationary, often for long periods. 
During these pauses in its withdrawal, terminal moraines were heap- 
ed up by the ice, the materials brought forward to the end of the 
glacier accumulating and piling up there in very irregular fashion. 
Each of these moraines consists of a single ridge or a belt of ridges 
and hills varying from or two to fifteen and even twenty miles in 
wndth. The individual hills sometimes rise 100 to 200 feet above 
the general level of the country, or again, they are low and gentle 
elevations. Among the hills are many hollows and depressions 
which are frequently occupied by lakes and marshes, so character- 

—10— 
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IS tic of terminal moraines. There are as many as eleven of these 
moraines in the eastern half of North Dakota and their presence 
adds much to the roughness of the surface. These hilly belts often 
form conspicuous topographic features and can be seen from a 
distance of many miles. 

The outermost and the best developed of all these moraines is 
known as the Altamont moraine, which forms a conspicuous belt of 
irregular hill and hollows ten to fifteen miles wide. The margin 
of the ice-sheet must have remained stationary here for a long 
time to allow the rock debris carried by the glacier to accumulate 
in this great stretch of morainal hills. This Altamont moraine has 
been traced across the state from north to south ; it traverses Ward 
county from northwest to southeast about thirty-five miles west 
of Minot, turns south through eastern Burleigh county, crosses 
northeastern Emmons and after making a loop to the east into 
Logan arid Mcintosh counties, again enters the southeastern corn- 
er of Emmons, whence it continues into South Dakota. The 
Northern Pacific railroad crosses the Altamont moraine between 
Driscoll and Sterling. 

The drift outside is very little older in appearance than that 
inside the moraine, and is strikingly different from the Kansan 
as it appears farther south in Iowa and Kansas. For this reason 
it is believed to be Earlier Wisconsin, and the drift within the 
moraine is probably Later Wisconsin. 

The continental ice-sheet is the cause of the wide-stretching, 
gently rolling to rough drift plain with its numerous lakes and 
imperfect drainage which occupies nearly two-thirds of the state. 
Its effects are everywhere apparent and unmistakable. Before 
its advent the area was undoubtedly more uneven than at present, 
since it was an old land surface which had been roughened by the 
long continued erosion of streams. The ice-sheet modified all this 
and tended to level up the region by wearing down the hills and 
ridges and filling the valleys with debris. Upon its retreat there 
was left the heavy mantle of drift which conceals from view the 
old preglacial surface. It is this drift which forms the rolling, 
and in places rough, plain stretching westward from the Red River 
Valley clear to the Montana line north of the Missouri, and ex- 
tending fifty miles or more west and south of that river. 

The broad, flat plain known as the Red River Valley was also 
formed through the agency of the ice-sheet. The valley consti- 
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tutes a well marked depression extending south from the basin of 
Lake Winnipeg as far as the South Dakota line and bordered on 
the east and west by land rising 400 to 600 feet above the bottom 
of the valley. Toward the close of the Glacial Period the great 
body of water which has been named Lake Agassiz occupied this 
valley and extended far north into Manitoba, having an area of 
110,000 square miles, or more than the combined area of the Great 
Lakes. The lake came into existence when the continental glacier, 
during its retreat northward, gradually uncovered the broad de- 
pression of the Red River Valley, and formed an immense dam 
of ice at the north which prevented the drainage of the melting ice 
from finding an outlet in that directon. As the ice-sheet retreated 
the lake was gradually extended and continued to increase in size 
until its maximum area was attained. The rivers emptying into 
Lake Agassiz carried large quantities of sediment which were dis- 
tributed by the waves and currents and settled to the bottom to 
form the sandy clay or loam of the lacustrine deposits. When 
the ice finally disappeared from the Lake Winnipeg basin. Lake 
Agassiz was drained and its bottom was left to form the level arid 
fertile plain of the Red river. 

That but a short time, geologically speaking, has elapsed since 
the close of the Glacial Period is proved by the fact that this plain 
and the drift plain occupying so large a part of the state have suf- 
fered very little erosion. The disappearance of the continental 
ice-sheet has been of such recent date that the streams have not had 
time to dissect and roughen the surface with their valleys, as they 
have done in the unglaciated, southwestern comer of the state. 
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THE BOTTINEAU GAS FIELD 

BY JOHN G. BARRY. 

During the past year and a half several discoveries of natural 
gas in Bottineau county and eastern Ward county have caused con- 
siderable excitement. The first discovery was made at the Parker 
farm about nine and a half miles south of Westhope on July 3, 
1907, when gas was struck at a depth of 178 feet while drilling a 
well for water. Since that time many wells have been drilled for 
gas in the same region and a number of them have been successful. 
A preliminary investigation of the region was made early in Sep- 
tember, 1908. Since the time possible for this work was very lim- 
ited, only the main facts in regard to the field were obtained. 

The wells drilled in the vicinity of the Parker farm pass through 
the glacial covering and cut a gas bearing sand at depths ranging 
from 154 to 176 feet. Four wells at this place have shown good 
flows of gas, while three others drilled to the north, toward West- 
hope, have been unsuccessful. A pressure exceeding 100 pounds per 
square inch and a flow of two million cubic feet per day is reported 
for each of the successful wells. The Great Northern Oil, Gas 
and Pipe Line Company, which has been carrying on prospecting 
at the Parker farm, has drilled a deep well in hope of striking a 
deep seated body 6f gas. At the time of the visit to this region 
this deep well had reached a depth of 1,180 feet. An oil well borer 
of the usual American type with a derrick built on the ground was 
in use. (Plate XXIX). The boiler was fired with gas from a 
nearby well. The following strings of casing were in place: 175 
feet of 10-inch, GOO feet of 8-inch, and 995 feet of 6-inch, all start- 
ing from the surface. On September 11, 1908, this well showed the 

following section : 

Feet Inches 

Soil 2 

Yellow clav and gravel 30 

Blue clay ' 122 

Gravel with sand below (no flow of gas) 16 

White slate 35 

Black sand seam (Pierre?) 3 

Soft blue shale (caving) (Pierre?) 242 



248 BOTTINEAU GAS FIELD 



Feet. Inches. 

Black "slate" (Pierre?) 50 

Blue shale (caving) ( Pierre ?) 205 

Yellow hard rock (limestone) (Niobrara?) 5 

Blue shale 145 

Sandy s'hale 10 

Blue shale to bottom (Benton?) 320 

1,180 
Oil seepage is reported in the common wells of this vicinity, but 
this is probably due to decomposing organic matter in the drift 

In the vicinity of Mohall there are two wells that have yielded 
gas. They are about seven miles west and north of the town, and 
about 2G miles west of the wells at Westhope. A generalized sec- 
tion of these wells is as follows : 

Feet 

Yellow clay 20 to 25 

Blue clay \ 200 

Blue shale including streaks of black sand and coal (?) 70 to 80 

Gas was reported to occur at a depth of 225 feet, at the junction 
of the blue clay and blue shale, and showed a pressure of 25 pounds 
per square inch. It was also claimed that further drillings gave 
gas at 310 and 470 feet, but this was due probably to loose casing 
with gas leaking down auvl around the bottom from the occur- 
rence at 225 feet. 

Since the visit to this region gas has been reported as having 
been struck at the following places : Maxbass, sixteen miles south- 
west of Westhope; Lansford, ten miles southeast of Mohall; and 
at the McCaslin farm, fourteen miles southwest of Mohall, and 
five miles west of the Parker farm, at a depth of 200 feet. 

The sand in which the gas is found varies in thickness, in most 
cases, from 1(5 to 20 feet. It is medium fine grained, rounded, 
and of a greenish black color, due to an admixture of decomposing 
carbonaceous matter. 

An analvsis of the gas made bv Professor E. J. Babcock. of 
the I'niversity of North Dakota, shows the following results: 

Per cent 

Hydrogen '^.5 

Methane 82.7 

Ethylene and other iiluminanis 0.2 

Cari>on monuxido 1.2 

Oxvijcn 3 . <> 

Nitrogen 12.4 

B. r. U. (calculated) 8>V> per cubic foot. 

The oxygon and nitr. gen are probably in the form of air. 
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The gas has a slight blue color, when blown off at the well. From 
the sample analyzed this appears to be a dry gas, and would doubt- 
less be serviceable for power as well as for heat and light. For 
lighting purposes, it would probably give the best results by use 
of the mantle. From the analysis and heating power, it will be 
seen that this is a valuable gas for household and industrial uses 
It has an odor similar to that of gas driven off from North Dakota 
lignite by distillation, and it is probable that the carbonaceous matter 
of the gas-bearing sand originated either from the erosion of lig- 
nite beds, or from the same kind of vegetable matter as the lignite. 

In general, a flow of gas is struck in this region after penetrating 
the glacial drift, at a depth varying from 154 to 200 feet. The gas 
is contained in a carbonaceous sand whose thickness is between 
16 and 20 feet. With the exception of the two wells at Mohall and 
the one at Lansford, the gas occurs within the known area of glac- 
cial Lake Souris. 

It is impossible at present to definitely outline the possibilities 
of the area. The gas is now being used locally in farm houses 
and it is proposed to pipe it to Westhope for use there, and later 
to some of the other surrounding towns. Just how large a quantity 
of gas is present in the area is uncertain. Further prospecting 
should be carried on in this area and careful records kept of all the 
wells, and further analyses and accurate determinations of pressure 
and flow should be made. Should this prospecting show a consider- 
able area of gas bearing sand,, it is quite possible that with judicious 
use this area might supply the local demand for light, heat and 
power for a number of years. 

Origin. — It has been previously pointed out that most of the 
wells of this area which have been productive are situated within 
the area of glacial Lake Souris, and that the gas occurs in a 
layer of sand immediately underlying the drift. Upon the re- 
cession of the ice sheet from the Coteau du Missouri a glacial lake 
known as Lake Souris was formed, lying between the Coteau and 

the southern border of the ice sheet. ^ The western border of this 
lake extemled from between Hargrave and Elkhorn, Manitoba, 

on the Canadian Pacific Railway, in a southerly direction to th^ 

international boundary at T. IG-i, R. 82, (LTnited States), and thence 

south to the vicinitv of Minot. 



'Upham, Monograph XX\'. U. S. Gcol. Survey, p. 267 
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From that point the lake shore extended in a southeast direction to 
the southwes-t corner of T. 153 R. 80, northeast to the vicinity of 
Rugby, and north to Dunseith; it followed the foot of the Turtle 
Mountains to the west and north; and from the northern part of 
T. 1, R. 18, (Manitoba) ran in a northeasterly direction to Kil- 
larney and Pelican lake. The lake occupied the basin of the Mouse 
river from near the southern portion of its loc^ in North Dakota, 
to its "elbow" in Manitoba, where the stream changes from a south- 
east to northeast direction about eighteen miles south of Brandon. 
The lake stretched north along the Assiniboine to a point a short 
distance above the mouth of the Qu'Appelle river. Its extent 
eastward was limited and its sliore line deeply indented by the 
Turtle Mountains. In a north-south direction the lake extended 
170 miles, and north of the Turtle Mountains it had a width of 
about seventy miles. This lake was at first drained to the south 
by the Sheyenne river, later to the north and east by Pelican and 
Rock lakes and the Pembina river, and finallv to the north bv the 
Assiniboine river, which is the present drainage outlet for the 
area. 

Another important fact in regard to this region should be men- 
tioned. The Coteau du Missouri lies about fiftv miles to the south- 
west of Upham, in northern McHenry coutny, and runs in a north- 
w-est-southeasterly direction. The Turtle Mountains lie about 
twenty-five miles to the northeast of Upham. Both the Coteau 
du Missouri and the Turtle Mountains have a considerably greater 
altitude than the region under consideration. It is known that the 
shale beds of the Coteau, underlying the glacial drift, are several 
hundred feet higher than the surface to the east, and these same 
shales occur in the Turtle Mountains, but are absent from the inter- 
vening area. Undoubtedly the Coteau and the mountains were at 
one time continuous, but the strata of the intervening area have 
been removed by erosion. 

It is thought that the ice-sheet did not change to a marked degree 
the larger preglacial topographic features, but that its erosive ac- 
tion was limited mostly to wearing down the smaller elevations 
and partly filling the pre-existing valleys with its debris, and thus 
creating a surface of more uniform contour. It is not likely that 
the ice-sheet would erode to any great extent so wide a strip of 
country as that separating the Coteau du Missouri and the Turtle 
Mountains. The latter, then, were separated from the Coteau prev- 
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ions to the advent of the ice-sheet. Considering the course of the 
Coteait du Missouri, and the Souris and Sheyenne rivers, it is reas- 
onable to suppose that previous to glacial time there lay to the north 
and east of the Coteau a principal drainage area which had a 
northwest-southeast course, and which probably drained to the 
south and east. 

Whether this drainage was occupied by a freely flowing river 
or by a large lake is not known. It is certainly reasonable to sup- 
pose that there was deposited throughout the region a considerable 
amount of detrital material with an admixture of organic matter, 
probably of vegetable origin. Upon the advent of the ice-sheet 
part of this detrital material was no doubt eroded, but some of it 
could easily be covered by the relatively thick and impervious 
drift deposit. Upon the decomposition of the organic matter the 
preglacial debris would act as an excellent gas reservoir. The 
occurrence of this gas-bearing sand over so wide an area leads to 
the belief that this preglacial drainage channel was perhaps oc- 
cupied for a time by a lake. 

Another possible source for the gas is the organic matter of the 
shales underlying the drift and gas-bearing sand. The gas may 
have formed in the shales and collected in the overlying sand. 
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GOOD ROADS AND ROAD MATERIALS 

BY W. H. CLARK. 



HISTORICAL. 



The earliest knowledge we have of road building is in Egypt. 
Some recent excavations near the pyramids have brought to light 
the fact that a, metal roadway was constructed from the Nile to one 
of the pyramids. The excavations have not been carried far 
enough to determine how the road was constructed. We have a bet- 
ter knowledge of the roads built in the Orient by Darius. Long 
roads were built radiating out from his capital city, Susa. These 
were mere trails leading from Susa to the capitals of the twenty 
provinces which were under the jurisdiction of this great organiz- 
ing monarch. The purpose of the roads was to facilitate rapid 
communication between the king and his satraps in the provinces. 
While it is true that these roads were chosen with much care, there 
was very little done in the way of what w^e now call road building. 
The best geographical position was chosen, and obstructions were 
removed and overcome. Further than this there was no evidence 
of road engineering. This was about five centuries before Christ. 
It was not until a late period in Roman history that road building 
was considered a problem for the engineer. 

The earliest notable piece of permanent road building we know 
of in Italy was begun by Appius Claudius, 312 B. C. From this 
time down to and including the Roman Empire thousands of miles of 
roads were built. The Roman roads covered Italy as a network 
and extended to all parts of the Roman Empire. They were built 
by soldiers and slaves under the direction of an engineer, and it was 
then that roadmaking was put upon a scientific basis. Since then 
road construction has been considered work for the engineer, though 
after the method and material have been determined upon every 
farmer becomes in a sense a road maker. 

VALUE OF GOOD ROADS. 

A cursory perusal of the reports of railroad commissioners and 
of the data compiled by the Departments of Agriculture would 
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convince the most skeptical theorist that the agricultural and trans- 
portation interests of the United States overshadow in importance 
the manufacturing and' all other interests combined. The question 
of our success as a nation depends not on what we can make, 
valuable as this element is, but on what can be raised from 
the soil and transported to the consumer at a cost that will not be 
prohibitive. Therefore it follows logically that our national im- 
portance hinges in a large measure upon the condition of the high- 
ways throughout the country ; for, if crops be abundant, 'labor plen- 
tiful, and money for transportation can be had at reasonable rates, 
but the roads cut off communication from farm to shipping points, 
the price of the produce becomes abnormally high and what ought 
to become a public benefit becomes a national calamity. 

The lines of inquiry in one experiment showed that the average 
length of cartage over country roads was slightly over twelve miles, 
with an average weight of a little over two thousand pounds per 
load, and a consequent cost of about twenty-five cents per mile. Al- 
though these figures are correct for upward of a thousand counties 
throughout the United States, they would be modified by complete 
data covering the whole country, but they are indicative of the 
general condition and cost to the farmer of transporting his pro- 
duce. We would not for a moment permit the railroads of the coun- 
try to charge such an exorbitant rate, but the grangers and others 
have for years acquiesced in a practice that has robbed them of the 
comforts and in many instances of the necessities of life. 

On good roads heavier loads can be drawn faster and the differ- 
ence between the selling price of the produce when carried in a 
wagon over a smooth road for an hour and the price of the same 
product transmitted over a rough road for three hours is oftentimes 
the difference between .profit and loss. It has been mathematically, 
demonstrated and shown to the eye by the use of highway maps 
that the improvement of from eight to sixteen per cent of the total 
highway mileage of the state, being the main highw^ays w^hich follow 
the valleys or are arbitrarily established in level sections, will 
leave no farm further than five miles from the main highways. 
Therefore, the improvement of a comparatively small percentage 
of the total mileage is of a certain and positive value to the entire 
agricultural interests of the state. The follow-ing table shows the 
cost of hauling products five miles, w'hich gives readily to the eye 
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the reason why a longer haul is not profitable unless the products 
transported be of greater than ordinary value as compared to the 
usual product carried. 

81.25 will haul a ton Cost per mile 

o miles on a common road $0.25 

12y2 to 15 miles on a well made road 12 

25 miles on a trolley road 05 

250 miles on a steam road 0{>5 

1 ,000 miles on a steamship 0012 

Stated briefly, the economies eflfected by good roads are: 
1. Reduction of the number of horses kept for hauling. 2. Re- 
duction of wear and tear on horses. 3. Saving of repairs to 
wagons and harnesses. Considering the first of these, in 1900 
there were 314,493 horses in North Dakota. Good Toads would 
mean that this number could be decreased one-fourth. It can be 
seen that a large saving would be effected. Farmers would not 
need to keep more than the usual number required for the regular 
work on the farm. In addition to the hauling done directly by the 
farmers themselves, there is a large amount done by dairymen, 
freighters, ranchers and others who keep horses solely or princi- 
pally for the purpose of hauling on the roads and they would cer- 
tainly require fewer horses if the roads were improved. The 
load which can be drawn by a horse depends upon the grade and the 
surface of the road. The following table shows the relative number 
of horses necessary to pull an equal weight on various level sur- 
faces : 

Surface Number of horses 

Iron rails 1 

Macadam 57^8 

Earth 20 

Sand 20 

Another way in which good roads will increase the hauhng ca- 
pacity of a horse is in the fact that much lighter wagons could 
be used than are now required to withstand the jars and shocks 
of our bad roads, and more of the horse work would go directly 
into hauling the load and less into merelv hauling the dead weight 
of the wagon. 

Secondlv, the wxar and tear on the horses is a very serious item 
to farmers, both by reducing the life service of the animal, and also 
by increasing the necessary food. Figures on this point are very 
difficult to make accurately, but everyone having the care of horses 
will recognize that the saving will be considerable. 

—17— 
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Thirdly, there is a great saving in the repairs to harness and 
wagons effected by good roads. Here again it is difficult to produce 
accurate figures, but it has been estimated that the saving in the 
repair bill will be about one-third. 

INCREASE OF LAND VALUE. 

We see then that the economic saving in good roads by the re- 
duction in the number of animals, the wear and tear on horses, 
and repairs to wagons and harnesses, is of great importance, yet 
there is another important consideration which we must not over- 
look. This is the increased value of land. It is true that we cannot 
get any information from North Dakota on this phase of the sub- 
ject for not much road building has been done. But much evi- 
dence can be secured from the eastern states, all of which shows an 
advance in the price of land as soon as the roads are improved. 
In Xew York a hard road was put in at a cost of $1.50 per acre 
of the adjoining farms and the land increased in value from $20 to 
$30 per acre. In Connecticut there are three towns in a line, the out- 
er two of which have improved their roads with the result that their 
land values are fifty per cent higher than those of the middle tow^n. 
In Maryland a large number of farmers were asked their opinion 
on this subject and the universal answer was that the lands would 
.increase in value. 

Before leaving this phase of the subject of the appreciation of 
land values by good roads, it must not be overlooked that such 
roads increase land prices by increasing the demand for the land. 
For what farmer in changing his home would not, other things be- 
ing equal, move to a region of good roads rather than to one of bad 
roads. The reverse is true, and bad roads tend not merely to keep 
off prospective settlers but they even drive away those who have 
already made a home in the neighborhood, and thus depreciate 
land values. 

This line of inquiry concerning the importance and indispensa- 
bility of good roads in every community, conducted by government 
and state, has shown the present prohibitive cost of cartage and 
the great necessity of hauling at a cheaper rate. Nearly all are 
convinced of these facts. That which is more to the point at this 
time, and which is extremely more valuable to farmers and all 
concerned is to indicate how this prohibitive tax of hauling may be 
decreased. Information regarding this may come from a num- 
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ber of sources, including the North Dakota Geological Survey, 
which can furnish valuable data. It has been the purpose of the 
Survey in its field vvork to locate road materials and examine their 
quality. There is a wide variance in the gravels of the state. It 
is not only necessary that farmers and other road builders know 
where the most available road material is located but money may be 
saved in many instances if a poor worthless material is avoided 
and a better one substituted. 

The study of road metals and road surfacing materials in North 
Dakota has been greatly neglected, both because North Dakota, 
in common with South Dakota, Nebraska, and Kansas has a nat- 
urally good road surface : and because there has not been any 
public demand until recently for such information. 

RELATION OF ROADS TO TOPOGRAPHY AND GEOLOGY. 

The relation of the topography, geology and climate of North 
Dakota to the roads is not so complex as in many states. For our 
purpose North Dakota may be divided into three parts. First, the 
river valleys, which include the Missouri, Mouse, James, Red and 
their tributaries; second, the glaciated area of the state exclusive 
of the river valleys : and third, the unglaciated portion in the south- 
western corner of the state. The latter includes Billings, Bowman, 
Stark, Hettinger and Adams counties. The purpose of this class- 
ification is two- fold, in that these subdivisions indicate the material 
of the natural roadbed, and also the gradients. 

The River I 'alleys. The natural road surface of the Red River 
\^allev is tvpical of the other ^ river vallevs of the state. It is a 
black stick V loam. When wet it is extremelv tenacious and when 
dry it bakes very hard. The indications all point to the probabil- 
ity that if the road surface was properly smoothed and crowned after 
each rain it would dry into an ideal roadbed. But the fact still 
remains that it is always heavy and sticky when wet. This, then, 
demands that the road should be surfaced. Now the Red River 
Valley is poorly situated witli reference to road metals. The only 
road surfacing materials are found along the western portion of 
the valley, in the old shore lines of Lake Agassiz, which consist 
of sand and gravel. These beaches commence ap])roximately at 
the southeastern corner of North Dakota and run northwest for 
seventy-five miles, to T. 133. R. h\ \V : thence they extend nearly 
due north. These old beaches which mark the former shore-line 
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of Lake Agassiz contain all the road surfacing material for that 
part of the Red River \'alley which lies in North Dakota. The 
beaches of themselves form a natural highway, no surfacing is re- 
quired, and the grade in passing northward is only two hundred feet 
in three hundred miles, or two-thirds of a foot per mile. Practi- 
cally no stone is found throughout this entire area, except the gravel 
of the beaches. 

The beaches, which are approximately parallel, vary in number 
from six to fifteen, and occupy a strip one to six tow^nships wide. 
They include an area of at least four thousand square miles. All 
of the roads in this area are so favorably located that they can be 
cheaply surfaced. Not all the material in these beaches is suit- 
able for road surfacing, but there is an abundance of excellent grav- 
el. At the southern end of Lake Agassiz, w^here, the shore hnes 
enter North Dakota, there is a delta of large area, formed by the 
Sheyenne river. The surface from a depth of from fifteen to 
forty feet is composed of delta sand and gravel. It is a plain slopmg 
gently eastward and crossed by the Herman and Norcross shore- 
lines, and in part by the Tintah and Campbell shores on its eastern 
and southeastern border. The front of this delta begins at the 
Herman beach in the south tier of townships in Cass county. From 
the Maple river it extends eastward eight miles, passing Leonard, 
and thence southeasterly twenty-five miles. Its greatest length 
fifty miles from southeast to northwest and its greatest w-idth is 
thirty miles. It covers an area of 800 square miles. Large 
tracts of this delta are channeled by the winds and heaped up in 
dunes which rise to a height of twenty-five to one hundred feet or 
more. Most of the delta is composed on the surface of coarse 
sand, though gravel deposits are found in places. The four beaches 
which border this delta, three on the east and one on the west, fur- 
nish an abundance of gravel for road surfacing material. As this 
area is crossed by five railroads, the sand and gravel are readily 
available. 

The road problems which exist on this delta are the opposite of 
those found in adjacent parts of the Red River Valley. Here the 
rainfall readily soaks into the soil leavin.:^ it dry and sandy. The 
cheapest method of preparing such a road surface for traffic 
would consist in sui facing it from the gravel beds. On the other 
hand the sand and gravel of the delta would be serviceable in pre- 
paring the roads of the muddy valley to the east. It has been 
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determined by a large. number of experiments all over the United 
States that sand and clay mixed to the point of saturation make 
a hard and durable road surface. The Sheyenne delta, then, will 
not only furnish gravel for its own roads but it is an abundant source 
of supply for sand and gravel for a large area between it and the 
Red river. The grades on this delta, as in the Red River \^alley, 
are imperceptable. 

The geological and topographical conditions which we find on 
the Sheyenne delta largely prevaif on the Elk Valley delta. The 
latter commences in T. 150, N., R. 56 W., and ends in T. 147 N., 
R. 53 W. It is about sixty miles from north to south and has an 
average width of nine miles. This extensive delta of sand and fine 
clayey silt was brought into Lake Agassiz by the glacial river of 
the Elk Vallev. It is traversed on its eastern border for twentv 
miles by the Tintah beach which contains an abundance of sand 
and gravel highly desirable for road surfacing. This delta is also 
traversed bv the lower Herman and Norcross beaches which also 
contain suitable road materials. 

In the extreme northern part of the state, along the shore-line of 
Lake Agassiz, is found the delta of the Pembina river. This lies 
mostly in T. 162 and 163 and R. 56 and 57. In the gravel of this 
delta the pebbles of some beds are mainly Cretaceous shales, of 
others mostly limestone, and of others granite and gneiss. In the 
aggregate these three classes have a nearly equal representation, 
ancl thev are commonlv interminsrled in the same beds. White 
quartz and moss agate are frequent, and bits of silicified wood oc- 
cur rarely. All of the constituents of these gravel beds make ex- 
cellent road surfacing material with the exception of the argil- 
laceous shale, w^hich is soft and when ground up by the attrition 
of wagon wheels becomes slippery. 

The three eastern beaches, namely, Burnside, Gladstone and 
Ojata, are largely clay mixed with a little gravel and sand. These 
will not make good road surfacing material as they have too large 
a proportion of lacustrine silt. The Emerado beach which runs 
parallel to these on the west is mainly composed of sand and gravel 
of a high road surfacing quality. Extending as it does for a long 
tiistance through the valley w-ith mud roads on both sides of it, 
its sand and gravel are available for many miles of highway. It 
crosses the northern boundary of North Dakota in the north- 
eastern corner of T. 164, R. 55, and extends southeast to Cava- 
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Her. From that point it passes in a southerly direction to Crystal ; 
from Cry sal southeasterly to Emerado and Buxton. In sections 2, 
11, 12 and 13, T. 1G2, R. 55, the Emerado beac^h widens out into 
a sand deposit. The Campbell beaches north of the Pembina delta 
in T. 163 and KJI, R. 57, are composed of sand suitable for mixing 
with clay. Along the banks of the Pembina and Little F'embina 
'rivers many fine exposures of sand, gravel and boulders are found, 
as in section 3(), T. 103, R. 57, and extending northeast for a mile. 
On the Pembina delta in sections 13, U, 23, and 24, T. 162, R. 57, 
are found good gravel deposits, w-hich also occur in section 18, T. 
1(>2, R. 50. The Campbell embankment west of Cavalier, in T. 
IGl, R. oi) and 5(5, is formed of sand suitable for mixing with clay. 
The Herman, Xorcross, Tintah and Campbell beaches in T. 158. 
150 and 160, R. 56, show much sand and gravel. These extend 
southeast of Edinburg, where the Great Northern railroad has 
opened a gravel pit in the Xorcross beach. The **mountain" which 
extends south from Edinburg through T. 157, 156 and 155, R. 56, 
is a glacial moraine. The drift composing it contains many bould- 
ers, sand, clay and gravel, which is especially well shown on the 
South Branch of Park river. At Arvilla there is a large gravel 
pit opencvi by the (jreat Northern railway. The morainal depos- 
its in Cavalier county, in the southeast corner of T. 159, R. 04, 
and in T. 160, R. 61 and (y2, contain good gravel suitable for road- 
making. 

The soil of the Red River Valley is typical of the other river 
valleys of the state, though they are much narrower. The fact 
that the flood plains of the rivers are relatively narrow and that 
abundant suj)plies of gravel occur along the sides of the valleys 
make well surfaced roads cost much less than similar roads in the_ 
wide valley of the Red river. The distance of road material from 
the place where it is to be used largely determines the cost, and 
sometimes actually prevents improvement. The valley of the 
Mouse river along its northward course is very w-ide. Very little 
gravel occurs in the valley proper though gravel terraces are found 
along the river bank, and on the edge of the bench land border- 
ing the valley. The gravel in the latter location varies in size from 
fine material to large water worn pebbles. 

The central part of the state in common with the eastern has no 
natural rock desirable for road material. In the neighborhood of 
Denbigh occur sand dunes which supply good material to mix 
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with the vallev clavs. It is a matter of common observation that 
here and there in Xorth Dakota are found stretches of sand-clay 
roads never known to be bad. This fact has led to numerous ex- 
periments with varying results, but all indicate that the essentials 
to success in sand-clay road building are puddling and saturation. 
By puddling is meant that the clay is mixed until it is honiogeneous. 
Saturation means that sand is added until each grain is in contact 
with other grains on all sides. The scarcity of road metals 'in 
North Dakota indicates that sand will have to be used in manv 
cases as a substitute for other materials. So many experiments have 
been carried on by the government and local organizations that 
no doubt now remains but that sand and clay when properly mixed 
make a road that will stand the severity of public travel. For 
this reason, it is desirable to know the location of sand pits and 
sand dunes. None except sand composed of angular grains is 
adapted to sand-clay road making. Sand with grains which are 
rounded, or sand which has been ground up by the action of wheels 
or water until verv fine is unsatisfactorv and often worthless. The 
use of such material should be avoided, as a perfect bond cannot 
be effected. Care should alw-ays be taken to select the sharpest 
and cleanest sand that can be found. Ferruginous clays are the 
best and chalky clays are the poorest for road-building purposes. 
Sedimentary clays are quite difficult to get fully saturated with 
sharp sand so as to become unyielding and homogeneous. 

The numerous sandbars and gravel terraces along the Mouse, 
James, Missouri, Sheyenne rivers and their tributaries form a 
widely scattered and abundant supply of these materials for many 
parts of the state. For many years to come sand and gravel will 
be the surfacing material for the wagon roads of North Dakota. 

The Glaciai Drift Plain. Thirty-two counties of the state are 
more or less covered with glacial drift. The drift extends west 
from the Red River \'allev and exclusive of the river vallevs takes 
in all the remainder of the state except Stark, Bovyman, Billings, 
Adams and Hettinger counties in the southwestern part. The 
chief characteristic of this area is its imperfect drainage, Kidder 
county, for example, having no rivers. Throughout this region 
there are many marshy, swampy places which need to be graded. 
The surface is a gentle rolling prairie, and the road work to be 
done will usually consist largely of cutting down the elevations 
and filling up the depressons. 
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The soil of the glaciated part of the state is admirably adapted 
to making a natural road surface. It is a glacial drift composed of 
sand and clay, and containing some gravel and boulders. This area 
is abundantly supplied with scattered rock which was brought by 
the ice-sheet and left scattered over the surface. The cost of 
good permanent roads per mile in the glaciated region is less than 
for the same class of roads in the vallevs. 

The drift contains a varying amount of gravel, often in sufficient 
quantity for road building. Throughout North Dakota the glacial 
deposit forms a mantle of such thickness and extent that exposures 
of the underlying bed-rock are very rare or wholly absent. West 
of the Missouri river the drift thins out until the underlying rock 
is exposed in several counties. Where the continental glacier in 
its retreat remained stationarv for a time it built terminal moraines, 
or hills, knolls, and ridges of drift heaped along the ice border. 
There are eleven of these moraines which form hilly belts in the 
eastern half of North Dakota. These are a possible source of road 
surfacing materials over a large part of the state. In many places 
there is just the right proportion of clay and sand to make an ex- 
cellent road. In very few, places is the soil as sticky and slippery 
as the lacustrine silt of the Red River Valley. 

While the ice was retreating there was a large amount of water 
flowing from its outer l>order. These streams sorted the materials 
of the drift and left deposits of gravel and sand in many places. 
This modified or stratified drift is found in manv countiesof the state, 
and its gravels are available for roads. Taken as a whole, the 
roads in the glaciated parts of the state are superior in their un- 
improved conviition to similar roads of the valleys. While in some 
respects North Dakota is poorly supplied with road making mater- 
ials, yet no state can boast of a larger proportional number of 
miles of road which give continuous satisfactory service. And 
this is due to the glacial drift and its natural adaptation to road 
surfacin;^;'. 

Great numbers' of boulders occur in the drift covered area, most 
of them composed of igneous rock. If broken and crushed, tliese 
would afford excellent road materials. 

Roads in the Unf^laciafcd Area. In that portion of the state 
which is not covered witli drift different conditions prevail. The 
surface is well drained by the numerous streams, and there are 
nowQ of the marshes. swamp>, and lakes of the drift plain. While 
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much of the region is a gently rolling plain, where the roads have 
gradual grades, along the main streams, particularly the Little 
Missouri, the country is exceedingly rough, and the roads for the 
most part either follow the streams or the divides. The badlands 
are confined largely to the Little Missouri, and form a belt from 
fifteen to twentv miles wide, within which the streams have dis- 
sected the surface into a labyrinth of valleys, ravines and gorges. 

Throughout this section there is very little gravel for road sur- 
facing. On the other hand, soft sandstone and shale are abundant, 
though their usefulness as a road building material is doubtful. 
If the sandstone was used for road purposes, it would rapi41y dis- 
integrate into sand ,though it may have a function in forming fills. 
The shale occurs in all gradations from sandy to clayey. What has 
been said of the sandstone can also be said of the arenaceous 
shale. Both may endure for a long time in fills when kept from 
the disintegrating action of climate and wagon wheels. The 
highway engineer in choosing either of these road metals should 
have data from the testing laboratory. ]\Iorrison, in his Highway 
Engineering, says that argillaceous shale is unsuited for road build- 
ing purposes. It weathers into a slippery clay. It is important 
that these facts should be known, as it may save money to road 
builders by causing them to discard the sandstone and shale in favor 
of a more durable road metal. 

A road surfacing material is found in the southwestern coun- 
ties which does not occur in any other section of the state. This 
is burnt clay, frequently called scoria. In other states of the 
Union where wood is plentiful, one mefhod of hardening the pre- 
pared road surface is by burning wood which is piled upon it. 

Here in North Dakota we have an abundance of clay already 
burned. Lignite coal beds, many hurudred square miles in extent, 
have burned out in places, leaving a vast amount of clay burned 
to a bri,2:ht red color. If fully burned the material is entirely chang- 
ed in character, and when wet it has no tendency to form mud. 
The heat entirely destroys the plasticity and a light clinker is form- 
ed which, though not particularly hard, when pulverized forms a 
smooth surface and seems to wear well. It is used for sidewalks, 
crosswalks, and paving in some of the smaller western towns of 
the state, and is proving highly satisfactory. It is hard, absolutely 
clean, and does not wash easilv. Moreover it is easilv handled. 
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Found in small flakes on the surface of the ground it can be 
shoveled' into a wagon as easily as loose coal. When it is remembered 
that burned clay occurs in large quantities in several counties, it 
will be seen that it one of the important road surfacing materials 
of the state. 

CLIMATE AND ROADS. 

• There is a very close relation between the climate of a state and 
the character of its roads. Climate profoundly modifies topog- 
raphy and topography is presumably the most inxportant factor af- 
fecting roads. For example, in the eastern part of North Dakota 
the rainfall is moderate while in th western part of the state it us- 
uallv occurs in a torrential manner. Now it is easilv seen that 
the surface in the latter section will be w-ashed and gullied more than 
where the rain falls slow^ly. Also, where the rain comes gently 
move of it soaks into the ground, making the soil spongy in the 
sumrper and heaving it in the witner. A sandy soil will permit water 
to pass through, while a clay surface retains water. The natural 
forces to be withstood bv a road metal are: 1. Heavv rains, 
which tend to wash the road. 2. Winds, which have a tendency 
to sweep away all the fine material ground up by travel, instead 
of allowing it to become consolidated again with the mass of t\ie 
road. 3. Great changes of temperature. 4. Frost. The effect 
of the first and last of these forces in the different parts of the 
state is varied. Under any condition a road has to lie open to 
rain. A heavv rainfall on a clav soil makes the road soft in summer, 
'and frost loosens the bed of the road in winter, adding to the soft- 
ness each succcding summer. The rain cannot be kept off the road, 
but highway construction can keep the water from soaking into 
the road. The two imjjortant effects of rain are washing the sur- 
face of the road bed, and soaking the foundation. In the Red River 
Valley, the washing of the road surface is inconsiderable, but the 
soaking of the sub-surface is often disastrous. When the base is 
saturated with water the whole roadbed becomes soft and traffic 
is stopped. On the other hand, the eflfect of rain in the unglaciated 
section is reversed. W'hen the roadbed is not placed upon the na- 
tural rock foundation, it has a sandv base which lets the water 
pass through it. When, however, the rain comes in the usual tor- 
rential manner, the road surface is badly washed and gullied. 
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WINDS 

Winds, which tend to sweep away all the fine material ground up 
by traffic, have little effect on valley roads. Their great influence 
is noticeable in the glaciated part of the state where the ^oil is of 
a sandy nature. This fine material has a cementing influence if 
allowed to wash into the surface of the road. Good binding power 
has long been known to road builders to be one of the most impor- 
tant properties possessed by a satisfactory road stone. If the fine 
material of a road binds well, it protects the foundation of the road 
from soaking, and withstands better the action of the wind and 
rain. Cementing power is a very important and valuable property 
of any road material. 

The soil of the river valleys of Xorth Dakota bonds well. This' 
is easily recognized from the appearance of a dry road that was 
badly cut up by wagon wheels when wet. After baking in the sun 
the uneven edges are cemented powerfully enough to sustain a 
heavily loaded wagon. If such a road surface were smoothed be- 
fore drying it is seen that while dry it would prove an ideal high- 
way. Then, again, if the natural surface can be manipulated to 
prevent soaking and capillary action, the road building process in 
river valleys is practically solved. 

The soil in the glaciated area does not bind so well as that of 
the river valleys, but containing a large proportion of gravel, it is 
on the whole better than that of the valleys. Great changes of tem- 
perature are characteristic of the whole state. The rapid freezing 
and thawing will always be an important disintegrating factor, les- 
sened only when water is kept from the surface and foundation of 
the road. 

SOME RULES OF ROAD BUILDING. 

While it is true that each road officer knows best the conditions 
which prevail in his own .community, there are some general rules 
applicable to all places. 

First, what shall be the cross-section profile. From side to cen- 
ter it should rise from one to three inches per foot, depending upon 
other conditions. An arc of a circle is often used, and is a verv 
good form, but on the whole a curve more convex toward the 
center than toward the sides is best. If there is no grade the roadbed 
docs not need much crown. The crown should increase as the 
grade increases. On a level road, the water is cast off at right 
angles from the center of the road. Xow if the grade increase 



268 ROADS AND ROAD MATERIALS 

and the crown of the roadbed does not, the water will run down the 
road quite a distance before it reaches the side, that is, providing 
there are no ruts or wagon tracks. If these are present water start- 
ing from the center of the road, before reaching the ditch, will 
flow into the wagon tracks, and thus down the grade, gullying the 
road in this manner. Some figures might be used to illustrate the 
relationship between crown and grade. Suppose a smqoth road 
has a ten per cent grade and a ten per cent crown. Water starting 
from the center of the roadbed would flow away from it at an angle 
of forty-five degrees from the center line of the road. In a road 
of greater grade and less crown the water would never reach the 
ditch, but would flow down the wagon tracks. It has been deter- 
mined that the crown should never be less than the grade and pre- 
ferably a little greater. 

While the cross-section is important, it is probably not so ii"Opor- 
tant as the gradient. The force necessary to pull a load on level 
macadam road is one-thirtieth of the load. A gradient of one in 
thirty doubles the above force. Descending, a load will just move 
of itself. Now if a load pulls three and one-half times as heavy 
on sand as on macadam, the force required on a level sand road 
will be seven-sixtieths of the load. To this add any considerable 
gradient and it will be seen that the load will have to be cut down 
to keep It within horse-power. 

MACHINERY. 

What will be the machinery used to produce the desired cross- 
section and gradient? In a level country the grader is the ideal 
machine. It will not only remove the material from the ditch to 
the roadbed, but will give the surface the desired form. That which 
seems more important than the machinery to make the first road- 
bed is the machinery to keep the roadway reshaped and rccrowned. 
Two simple but important home-made implements are worthy" of 
consideration. The first of these is the home-made roller. A num- 
ber of two-by-fours cut to the desired length of the roller are 
stood on end in a circular form and fastened together. In the 
center of this cylinder a gas pipe is placed, protruding at either end. 
Then the roller is filled with cement. A tongue is attached to the 
ends of the gaspipe. Any desired weight of roller can be obtained 
bv varvimr the diameter of the cvlinder. 

The other implement referred to is the King split log drag used 
in many states. The Minnesota State Highway Commission has 
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adopted it, their description of which is found in the Road Red 
Book. One very important feature of proper road maintenance 
is that of keeping the ruts out by continual dragging. The split 
log drag is easily and cheaply constructed and consists of the two 
halves of a ten or twelve inch log, eight feet long, framed to- 
gether after the manner of a wooden rack, and drawn with the 
split faces to the front along each side of, and at an angle of forty- 
five degrees to the line of the road. This drag should be used 
while the road is wet as it is then in the best condition for puddling 
and smoothing. During each dry period the attrition of wheels 
has ground up some fine material. Mention has already been made 
of the binding properties of this fine matter. Binding power is 
probably the most important property to be sought for in any road 
surface, and its presence is always necessary for the best results. 
Now, a rain soaks this binding material into the surface of the 
roadbed. Continued application of the split log drag puddles it, 
and spreads concentric layers of impervious material over the sur- 
face of the road. This puddled surface will not only turn water 
but capillary action is almost entirely stopped, so that it will not 
soak up water from a wet foundation. A road treated in this man- 
ner has as good a rain proof roof as the shingled dwelling house, 
provided the soil has jsl natural binder in it. Now it may be safely 
assumed that any soil which drys into hard impervious lumps has 
a natural binder. These seem to be the two simple, popular and uni- 
versally used road machines. 
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